Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



■> (}^ 




.1 



•-> ^ 



BULLETIN 



OF THE 



MUSEUM OF COMPAEATIVE ZOOLOGY 



AT 



HARVARD COLLEGE, IN CAMBRIDGE. 



^ffftt 






. VOL. XLIX. •-•■ 

- - f 

(GEOLOGICAL SERIES, VIII.) : ••' 



".,-. ••• 



# • • • % 

• • • •' "» '»' 



• '• # « • 

^ M #t ' 



■> ■ »• 



r 



> 



CAMBRIDGE, MASS., U. S. A. 
1905-1908. 



CONTENTS. 



PAGE- 

So. 1. — Glaciation of the Sawatch Range, Colorado. By W. M. 

Davis. (1 plate.) December, 1905 1 

Xo. 2. — The Wasatch, Canyon, and House Ranges, Utah. By W. 

M. Davis. (3 plates.) December, 1905 .... 13 

\o. 3. — Post-Pleistocene Drainage Modifications in the Black 
Hills and Bighorn Mountains. By George Rogers 
^klansfield. (4 plates.) March, 1906 .... 57 

No. 4. — The Origin and Structure of the Roxbury Conglomerate. 

By George Rogers Mansfield. (7 plates.) November, 1906 89 

No. o. — Ax Occurrence of Harney Granite in the Northern 
Black Hills. By Henry G. Ferguson and Fremont N. 
Turgeon. (3 plates.) February, 1908 . . 273 

No. C. — Experiments illustrating Erosion and Sedimentation. 

By Thomas Augustus Jaggar, Jr. (6 plates.) March, 1908. 283 

No. 7. — Some late Wisconsin and Post- Wisconsin Shore-lines of 
Northwestern Vermont. By Herbert E. Merwin. (3 
plates.) June, 1908 307 



Bulletin of the Museum of Comparatiye ZoSlogy 

AT HARVARD COLLEGE 

Vol. XLIX. 



OEOLOOICAL SSBEEBS, Vol. YIU, Ko. 1. 



GLACIATION OF THE SA WATCH RANGE, COLORADO. 



By W. M. Davis. 



With One Platb. 



CAMBRIDGE, MASS., U. S. A.: 

PRINTED FOR THE MUSEUM. 

December, 1906. 



No. 1. — Glaciation of the Sawatch Range, Colorado^ 

By W. M. Davis. 

The accompanying sketches of La Plata peak and the valleys of 
the Sawatch range in the Rocky mountains of Colorado emphasize 
better than long descriptions the essential features of a glaciated moun- 
tain mass. The Sawatch range lies west of the upper Arkansas valley, 
and includes the three college peaks, Mts. Harvard, Yale, and Prince- 
ton, the first two of which were ascended by a small party led by 
Prof. J. D. Whitney in 1869, when I accompanied him as a student. 
A number of the summits exceed 14,000 feet by several hundreds; 
Mt. Harvard (14,375') was for several years considered the highest 
of the Rocky mountains in the United States, until Blanca peak 
(14,390^) was given that rank; and now Mt. Elbert, in the Sawatch 
range a score of miles north of Mt. Harvard, is placed first in the list, 
with an altitude of 14,436 feet. 

The summer of 1904 gave me an opportunity of making a brief 
visit, with Prof. L. G. Westgate as a companion, to that part of the 
Sawatch range near Twin Lakes on Lake creek, which comes from a 
fine glaciated valley between Mts. Elbert and La Plata, and flows 
eastward into the Arkansas river. The village of Twin Lakes (called 
Dayton on the Leadville inap sheet) is a picturesque and attractive 
center for excursions, easily reached by stage from Granite station on 
the Rio Grande Western and the Colorado Midland railroads. Pro- 
fessor Westgate returned here after our joint excursion to Utah, and 
continued for a month the studies that we had begun together; his 
report on the district, with special reference to the two or more epochs 
of glaciation there recorded, is published in the Journal of Geology. 

The general view of La Plata peak, figure 1, looking southwest, 
is taken from one of the southwest spurs of Mt. Elbert, at a height 
of about 13,000 feet. A photographic view from about the same 
point is given in the Plate (A). The broadly open valley or trough 
of the Lake creek glacier lies beneath the foreground spurs, and its 
farther slopes truncate several spurs of the La Plata mass. Crystal 
lake gulch opens its well rounded floor sharply on the south wall of 
the larger and deeper trough of Lake creek, the di£Perence of level of 
the two trough floors being about 800 feet, as determined by aneroid 
measurement. The notable features of the view, besides the clearly 
defined hanging valley or trough, are: — the sharp summits of La 
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Plata mountain and its acutely serrated spurs, the rolling or mou- 
tonn4e surface of the broad cirque floor at the head of the hanging 
valley, and the truncated apurs on the sides of the two troughs. 

The larger trough truncates the large spurs in a liberal fashion, 
shown more clearly in figure 2, which was drawn from a. knob on 
the north side of Lake creek trough, somewhat east of the banging 
valley. A photographic view of the same spurs is given in the Plate 
(B), from the high spur of Mt. Elbert. The body of the spurs here 
appear to be in the main of preglacial origin, modified by ordinary 
I during the glacial period, for through most of their length 




they correspond in essential features to the spurs of the non-glaciated 
mountains thereabouts. Features of this kind will be called "normal." 
While the normal spurs of non-glaciated mountains gradually de- 
scend into maturely open valleys, the Spure here sketched are trun- 
cated by the south wall of the broad Lake creek trough in the moat 
significant fashion. 

The smaller trough of Crystal lake guloh truncates the smaller 
spurs which descend from a sharp ridge or arAte on the west, and 
similar but less pronounced spurs on the eastern slope of the 
trough, as shown in figure 3. It should be said, however, that 
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the sketches exaggerate the regularity of these features, and present 
them only in diagrammatic fashion; but they nevertheless are be- 
lieved to represent true and systematic relations. The small spurs 
are thought to be the result of accelerated subaerial erosion during the 
glacial period, a consequence of the widening and deepening of the 
trough below them; in any case, the sharp ridge and the little spurs 
with their ragged terminal facets have no likeness to the rounded, 
graded subdued spurs of the neighbonng non glaciated lower moun- 
tains The western side of the ndge descends into another trough, 
which must also have been occup ed by a good sized brant^ of the 
Twin lakes glacier and the sharpness of the ndge is therefore to be 
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attributed to its attack by glacial sapping on both sides. In the 
same way the sharpness of La Plata peak is to be attributed to glacial 
sapping in the cirque-head walls on all sides; and in this respect the 
sharpness of La Plata presents a most instructive contrast to the 
domed summit of Elbert, on whose higher shoulders a number of 
small glacial cirques were excavated, but not so far as to consume 
all of the normal summit form. Just as any statue must be smaller 
than the block from which it is carved, so the sharpened peak and 
Spurs of La Plata (14,342') must today be smaller and lower than 
the normal preglacial mass, whose form may have imitated and 
whose altitude may then have exceeded that of Elbert (14,424'). 
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Figure 3 ia anotber view of the same hanging vallej', drawn fn>m 
a point on the north side of Lake creek trough. Here the spur on 
the east side of the hanging valley has not a veiy sharp ridge, be- 
cause the next eastern valley. Galena gulch, was not strongly glaci- 
ated. There is much rock-sUde material on the floor of the hanging 
valley, beneath the "spurlets" and "ravinettes" of its sharply carved 
walls. 

The trough of Lake creek glacier has in general a broadly open 
catenary curve for its cross section, as indicated in figure 4, but there 
are many subordinate departures from the perfect development of 
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this type form. The trough is encumbered with many lodny ledges 
and knobs, which seem to be of formidable size while one is clam- 
bering over them, especially on their down-valley side where the 
plucking action of the glader made rough work of the jointed granite; 
while the up-valley sides of the ledges are generally scoured to more 
rounded forms. This su^^ests that the two sides of such residual 
glaciated ledges should be called scoured and plucked, instead of 
stoss and lee; for the so-called lee side is by no means exempt, in 
such cases as are here described, from strong glacial erosion. Yet 
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large as the ledges &nd knobs seem when one is on them, they sink 
to a subordinate rank when viewed from the higher mountain spurs. 
The knobs and ledges may be taken to be so many unfinished pieces 
of work, which would have been more completely scoured away 
had the glacial action lasted longer. It is therefore desirable to de~ 
scribe glaciated troughs in terms of the degree of advancement that 
they reached while under glacial treatment. The faces of some of 
the larger residual knobs on the sides of the main trough showed 
well marked traces of nearly horizontal down-valley scouring and 
carving; that is, they bear the marks of having been shaped in ac- 
cordance with the movement of the heavy glacier that once occupied 
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the trough, and not of having been carved by normal erosive proc- 
esses which are now acting locally down the slope of the trough side. 
Features of the same kind are known on the sides of the Nor- 
we^an fiords; their analogy to the normal down-stream marks on 
the banks or sides of a water-stream channel have been pointed out. 
The openness of the Lake creek trough, figure 4, as seen from a 
high spur over its eastern end, and the absence of forward reaching 
spurs with overiapping ends, suggest the late maturity of a normally 
eroded valley; but the rocky floor of the main trough is not flat, as 
it would be in the late stage of a normal valley; the slender stream 
that now drains the trough has numerous rapids among the residual 
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ledges of the trough; and the rapids increase in fall as the stream 
passes certain breaks or steps in the trough bed, thus departing 
very clearly in several ways from the well-graded flow of a stream in 
a normally mature valley. The lower end of the southeasternmost 
spur of Mt. Elbert is all hacked and torn where it was wrapped 
around by the Lake creek glacier about a mile southwest from the 
village of Twin Lakes ; the spur, therefore, shows a fine piece of well 
advanced but not well finished glacial erosion in the rough ledges 
and the high cliffs that here truncate the well graded slopes of its 
upper or supeiglacial parts. 

All these features have an expression distinctly unlike those pro- 
duced by normal processes. The hanging lateral valley or trough of 
Crystal lake gulch differs most conspicuously from a normal lateral 
valley in its lack of accordance with the main valley. The broad 
cirque head of the lateral valley is in strong constrast to the more 
delicate valley heads of the neighboring normally eroded, non- 
glaciated mountains. Just in what manner glacial erosion works 
to produce these systematically correlated abnormal features is not 
yet fully made out, but that they represent strong glacial modifica- 
tions of normal preglacial forms is beyond question. As to the 
measure of such erosion, the depth of the main trough below the side 
trough may be taken as a fair minimum; for it is extremely im- 
probable that the mouth of the hanging lateral can be today no 
deeper carved than the corresponding point in the preglacial side 
valley. A peculiar feature is seen in the ravining of the sides of the 
main trough by several small streams from gulches between the trun- 
cated spurs to a greater depth than by the stream of Crystal lake 
gulch. The latter has done very little work in cutting a notch in the 
lip of its hanging mouth; the former in several cases have ravines, of 
small size to be sure yet of relatively normal quality, eroded to depths 
that must be hundreds of feet lower than the upper limit of glacial 
scouring on the trough sides. Interglacial work is probably con- 
cerned here; but why it was not successful in ravining the mouth of 
the hanging valley is not clear. These questions I leave to Pro- 
fessor Westgate for solution. 

A matter that still needs distinct statement in problems of this sort 
is that, in ascribing to glacial erosion the strong modification of pre- 
glacial forms above described, it is not to be implied that the processes 
of glacial erosion are fully understood. Sapping by temperature 
changes is believed to take place in the bergschrund around the head 
of a cirque; but the depth of the cirque beneath the n6v6 surface 
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must often been much greater than the depth of the bergschnind. 
Scouring and plucking are effective processes, yet it is difficult to 
understand how they can have been so effective as to excavate great 
cirques and transform normal valleys into broad and overdeepened 
troughs, whose beds are far below the mouths of their hanging 
tributaries. The reason for accepting a large measure of glacial 
erosion is therefore not because a full understanding of the methods 
of glacial erosion has been gained, but, in our admittedly incom- 
plete understanding of this process, because the forms that are found 
to be constantly associated with ancient glaciers in mountain ranges 
all over the world are on the one hand essentially beyond production 
by normal processes, and are on the other band precisely like the 
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forms that glaciers might be expected to produce if they were active 
eroding agents. The contrasts of the two classes of forms have been 
frequently set fourth in recent years, and need not be again stated 
here; but the systematic association of the large-textured forms of 
apparently glacial origin in the glaciated valleys of the Sawatcb 
range deserves to be better known than it is; and all the more 
because the forms of normally eroded valleys can be studied in 
the neighboring non-glaciated or less glaciated mountains, whose 
structure, height and history have in all other respects than glacia- 
tion been essentially the same as those of the strongly glaciated 
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The trough of Clear creek, similar to that of Lake creek, but on 
the south of La Plata mountain, was seen from a high knob that 
rises on the east side of the Arkansas river, about three miles south 
of Granite. Here, as in the case of Lake creek, one may see the well 
formed trough with its catenary cross section — rather too steep on 
the sides in figure 5, — rising to the oversteepened slopes that trun- 
cate the mountain spurs on the north and south; while in the fore- 
ground two great lateral moraines stretch toward the river enclosing 
a meadow through which Clear creek meanders, instead of a pair 
of lakes, as is the case with the Twin lakes moraines. It is on ac- 
count of the strong forward reach of these moraines from the glaciers 
of the Sawatch range on the west, while no glaciers were formed 
here on the lower range to the east, that the Arkansas has been locally 
pushed against the eastern side of its preglacial valley, where it has 
undercut and steepened the mountain bases, and incised a gorge in 
the granites. As the railroads here follow the gorge, the traveller 
for a time gains no general view. To the south of the gorge, the 
Arkansas valley is much less encroached upon by moraines from the 
western range, and its broad wash-plain stretches unbroken for miles 
together; yet here also the river flows near the base of the eastern 
range, probably because of the greater height of the western range 
and the consequently greater supply of waste from that side. 

A fine view of the district south of the gorge is had from the trains 
of the Colorado Midland railroad, as they descend from the pass 
that leads from South park. Opposite the town of Buena Vista a 
grand view is offered of the Sawatch range, with Mt. Princeton 
(14,196'), a most shapely mass, in the center. A shallow, steeply 
inclined glaciated trough, heading in a small cirque and terminating 
in a morainic loop on the mountain flanks, is easily recognized on 
the northeast slope. The moraines that stretch out from the valley 
between Mts. Harvard and Yale are seen farther northwest. When 
I was in this region in 1869, a section of our party headed by 
Professors Whitney of Harvard and Brewer of Yale, crossed into 
the Arkansas valley from South park and ascended the Sawatch 
range, camping near the tree line for the two nights of the day 
on which we climbed Mt. Yale (14,187'). The following day was 
cloudy and wet and the Professors returned directly to the valley; 
but two of the younger members of the party were sent with 
barometer and compass across the deep valley between the peaks 
and up the northern mountain which was to be called Mt. Har- 
vard. Occasional breaks in the clouds gave us glimpses of the 
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spurs that led to the main summit, and our cairn and record were 
found there by members of Hayden's party a year or two later. 
The descent to the valley camp was made in late afternoon and 
early evening, the latter part being a stumbling walk in the dark, 
through the trees that grew on the bouldery moraine at the moun- 
tain base. 

North of Twin Lakes the Arkansas has not been impelled to cut a 
gorge; indeed here the main valley floor seems to have been tem- 
porarily converted into a lake by the morainic barriers near Granite. 
While the train crosses the broad meadows of the valley floor one has 
an excellent view of Mts. Elbert and Massive. Elbert has two nor- 
mal valleys with graded hopper-like upper slopes that open like in- 
verted half-cones to the rounded crests of their enclosing spurs. 
One of these normal valleys lies a mile or two northwest of the village 
of Twin Lakes and is marked with many zigzag trails, cut by prospec- 
tors: we descended this valley after our ascent of the high spur of 
Elbert from which figure 1 was drawn. The normally graded slopes 
of the inverted half-cone or hopper were noted at the time to be dis- 
tinctly unlike the steepened and ungraded head cliffs of one of the 
small cirques that we had looked into from the rounded spur crest 
above it. The same contrast was recognized in the more distant 
view from the train, when the normal valleys in the northeast and 
southeast parts of the Elbert mass were clearly distinguished from 
the four cirque-headed valleys between them. At the same time the 
contrast between the sharpened peak of La Plata and the still 
rounded dome of Mt. Elbert was. in mind, as one of the striking 
contrasts of glacial and normal erosion. Mt. Massive (14,4240* 
next north of Elbert, has at least six cirques on its eastern side. The 
distinctness of these features and the certainty with which they may 
be recognized as differing from valleys of normal sculpture, even at 
a distance of ten or twenty miles from a passing train, recalled my 
experience in the Tian Shan mountains a year earlier. On that 
journey cirques were recognized and sketched through field glasses 
at a distance of 30 or 40 miles. 

It should be stated that the Leadville topographical map sheet 
of the U. S. Geological Survey, on a scale of 125,000, and with 
contours every 100 feet on the mountains, does little justice to the 
forms here described. The hanging lateral valley of Crystal lake 
gulch is shown by the contours to be only 300 feet, instead of 800 
feet, over the floor of Lake creek trough. The truncation of the spurs, 
shown in figure 3, is poorly rendered on the map. The spurs about 
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Galena gulch are too slender in comparison with the trough floors 
between them; and it was strongly our impression that the contours 
were drawn too directly across the trough floors, making them flat- 
floored instead of round-floored. One reason for these imperfections 
was doubtless the haste with which the field work for these earlier 
maps was done, as the result of pressure for square miles rather than 
for accuracy of results; another reason may have been the habit 
acquired in non-glaciated mountains, of drawing spurs and valleys 
with normal forms instead of with the specialized features of glacial 
forms. Still a third reason must have been the want of sufficient 
inspection in the field, in the absence of which many errors clearly 
visible on the scale of publication were given the authority that 
their appearance on official maps naturally carries. A map drawn 
with some appreciation of the differences between normal and glacial 
forms would, I believe, be significantly unlike the Leadville sheet. 
The Colorado Midland railroad tunnels through the northern 
part of the Sawatch range under Hagerman pass, next north of Mt. 
Massive. The ascent to the tunnel, after one crosses the Arkansas 
river west of Leadville, is full of scenic interest, more especially 
when the scenery is interpreted in view of its glacial origin. The 
ride must have been more remarkable a few years ago than now; 
for the railroad originally had a shorter tunnel at a height of about 
11,800 feet; now it has a longer tunnel, about two miles in length, 
at an altitude of 11,000 feet; thus saving a heavy climb for the trains 
and two hours, we were told, of time, but depriving the traveller 
of the sight of the upper cirques that was formerly offered. Yet 
even the present route is an unusual one. It turns west from the Ar- 
kansas valley and enters a morainic amphitheater through a stream- 
cut notch; it then ascends the spur-less, ravine-less southern side 
of the glacial trough to the trough-head, in the neighborhood of 
which the tunnel begins. During the ascent, one sees to great ad- 
vantage the trough floor, of which the lower part is occupied by an 
artificial reservoir, and the middle part by a green meadow through 
which a stream wanders in a somewhat braided course. For a while 
the road follows the inner slope of the southern lateral moraine; 
then the southern rock wall of the trough. The trough forks near 
its mid-length; two branch glaciers that here joined must have been 
of about equal size, as neither branch trough hangs over the floor of 
the other. The simplicity of the form of the trough wall is evidently 
an advantage in the laying of the railroad; for the wall offers 
neither spurs to turn around nor side ravines to bridge across. In 
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this feature the location of the road recalls that of the Canadian 
Pacific in its ascent to Rogers pass; in that case there are to be sure 
some formidable ravines to bridge over, yet their depth is small com- 
pared to that of the great trough valley into which the streams plunge 
down, and along whose side the railroad ascends to the pass. 

After running through the tunnel the train comes out upon the 
broad floor of a high-level valley, which descends westward. After 
a short distance the floor of the valley suddenly drops at "Hell- 
gate," and a deep rock-walled trough opens abruptly far below the 
track. This seems to be an example of what the Swiss glacialists 
now call the "trough head/' above which the cirque floor broadens 
out to the cliffs that rise to the sharpened ridges and peaks. Con- 
tinuing westward the road descends along the north wall of the 
deep trough and soon comes to a remarkably well-formed lateral mo- 
raine, by which some small meadows are enclosed against the ap- 
parently unglaciated mountain slope, high above the bottom of the 
trough. Hereabouts a larger valley, seemingly the main trough of 
this glacial system, comes from the southeast and receives in some- 
what banging fashion the trough we have been following. A little 
farther on the railroad loops back eastward around a sharp curve on 
the north side of the main trough. A mile or more eastward on 
the loop the road enters what I took to be the lower part of the branch 
trough below Hellgate, there to loop again and descend westward 
into the larger main trough. Soon a remarkably well-defined hang- 
ing valley is seen coming in from the southeast on the southern 
side of the main trough; two sharp moraines lie around its mouth, 
one within the other, on the walls of the main trough; the stream 
that falls from the hanging valley is cutting a narrow ravine in the 
main trough wall. The floor of the main trough is broadly opened 
here; a few miles farther down the valley, westward, it is distinctly 
narrower; but nightfall here came on and made it impossible to 
determine the details of this change of form. 

It is recognized that notes such as are given in the preceding para- 
graphs, based on hurried records made in a passing train, cannot have 
great value; but inasmuch as they give more information about the 
well-developed glacial features on Mts. Elbert and Massive than can 
be found elsewhere, they are allowed a place here, partly in the hope 
that they may lead to the selection of the Hegerman pass district for 
careful study by some specialist in the study of mountain sculpture by 
normal and by glacial agencies. 



EXPLANATION OF PLATE. 

A. La Plata peak and the hanging valley of Ciystal lake gulch, Sawatch 

range, Colorado. 

B. Truncated spurs on the south side of Lake creek trough, between La 

Plata peak and Mt. Elbert, Sawatch range. 
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Introductory Note. 

The following notes on the Wasatch, Canyon, and House ranges 
in Utah are the results of a short excursion in the summer of 1904, 
and are to be taken as a continuation of a paper on The Mountain 
Ranges of the Great Basin in volume 42, number 3 of this Bulletin. 
My party included Prof. E. S. Hinckley of Provo, Utah, who had 
rendered much practical assistance in getting horses and outfit ready 
before the arrival of the rest of us from the east; Prof. L. G. West- 
gate, of Ohio Wesleyan University, Delaware, Ohio; Mr. G. C. 
Curtis, of Boston; and M. Meurice Allorge of Paris. We were in the 
field from July 12 to July 27. 

The Wasatch Range. 

The Spanish Peak Wasatch. The part of the Wasatch range 
between the through-going cross valleys of Spanish fork and Hobble 
creek, to which special attention was given in my previous paper, was 
vbited again, partly that it should be seen as a type form by the other 
members of the party, and also with the object of determining how far 
its eastern or back slope might retain remnants of pre-faulting form. 
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Plate 1 A shows a part of the mountain front, where the triangular end 
of a large spur between two large valleys is divided by three small 
ravines into four small spurs with more or less distinct terminal facets. 
The small ravines open on the Bonneville beach; recent fault scarps 
interrupt the slope of the Bonneville shore deposits, but do not exhibit 
the forward-reaching rock platforms that should be visible if the spur- 
end facets had been cut by the Bonneville waves, without aid by 
faulting. The foreground plain is the surface of a large delta at 
the Provo level. The view along the mountain base given in my 
previous paper was taken from the apex of the highest of the facets 
here shown. 

It may be well to state that s{)ecial attention is given to details of 
form, such as are here illustrated, and that relatively little attention is 
given to structure apart from its relation to form, because it is essen- 
tially upon morphological evidence that decision must be made as to 
the origin of the range by faulting or othen^dse. If the range were 
described only with respect to the age of its strata, the attitude in which 
they stand, the internal folding and faulting that they have suffered, 
and if no details were given as to the relation of base line and mountain 
front to structure and sculpture, it would not be possible for a reader 
to judge for himself whether block-faulting has played any part in the 
origin of the range or not. In the solution of any problem of this kind, 
there is a certain group of features whose critical determination is 
essential, and there are various other groups of features whose determi- 
nation is more or less irrelevant. The selection of the various features 
that are essential to the solution of the problem under discussion can- 
not, I believe, be accomplished without a careful deductive consider- 
ation of the problem as a whole; and it is for that reason that the 
deductive side of the problem was presented in some detail in my previ- 
ous paper. Following the results then reached, I shall now again give 
special attention to matters of mountain form, especially to the details 
of form along the mountain base line, and to the relation of these de- 
tails to the structures of the mass there exhibited; while various mat- 
ters that would receive close attention in a conventional geological 
description of the range are here passed over rapidly; not because 
they are altogether irrelevant, but because in the short time at the dis- 
posal of our party it seemed best to attend to matters that bore most 
directly upon the problem of block-faulting. 

On July 13 we went up one of the deeper valleys on the western face 
and reached a rounded knob on the eastern side of the range at an alti- 
tude of about 8,400 feet : the summits of the range lay a mile or two to 
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the west and rose 500 or 1,000 feet above us. All the eastern slope was 
well dissected by sharply cut valleys of no manifest arrangement; the 
hills and spurs between them rose in graded slopes to rounded summits, 
as in figure 1. The structure of the mountain mass had no distinct 
influence on its form; the rocks were mostly gritty quartzitic beds, 
with some limestones and shales; the prevailing dip was eastward 
with moderate angles at first, and steeper farther eastward from the 
crest; but outcrops were rarely seen, even in the ravines that we fol- 
lowed. Six small and imperfectly developed cirques were noted along 
the east side of the range crest, as shown in the accompanpng figure ; 
their floors were not far from 8,500 feet in altitude. To the eastward 




Fio. 1.— The crest and higher eastern spurs of the Spanish peak Wasatch: look- 
ing west. 



of our point of view, a maturely dissected highland continued to the 
horizon ; it was a part of the Plateau province, of which Sevier pla- 
teau, far to the southeast, was the most distinct element. It thus 
appears that nothing was seen on the back of this part of the Wasatch 
that could be interpreted as belonging to an earlier cycle of erosion; 
hence the features of the back slope confirm the evidence of mature 
post-faulting sculpture that is gained from the range front, where no 
sign of the initial fault face of the uplifted block is now to be distin- 
guished, excfept in the little terminal facets which truncate the spurs 
along the simple base line by which the range is here so decisively 
bounded on the west. 
In my previous paper, the wide-open cross valleys cut by Spanish 
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fork and Hobble creek at the two ends of the Spanish peak mass were 
mentioned (p. 146) as more maturely opened than certain other valleys 
of the Wasatch, farther north. A closer examination of the side 
slopes of these cross valleys showed them, however, to be in no essen- 
tial respect unlike the side slopes of the ravines that have been carved 
in the west face of the mountain mass between them, although the 
cross valleys are more conspicuous because they are cut down so deep 
and are continuous through the range. The valleys here are wider 
open and their slopes are better graded than is the case with the can- 
yons of the Provo Wasatch, next farther north, because the lime- 
stones there are more resistant to arid weathering than are the arena- 
ceous beds of the Spanish peak mass. We had good opportunity to 
note these features during the morning ascent and again in the after- 
noon descent when we returned to the western base of the mountain 
by way of the canyon of Spanish fork. It is worth mentioning that 
the spurs which descend into the cross valleys have terminal facets, 
like those which terminate the spurs at the western base of the range. 
This is evidently because the cutting action of the streams in the cross 
valleys replaces the cutting action of the fault on the range front. 

While making the descent we had a good sight of the high-level 
Bonneville terraces in Diamond creek valley, a northern branch of 
Spanish fork several miles back in the mountains. The terraces were 
distinctly of stream origin, as there was a strong down-valley slope on 
their upper smfaoe which ocigiDaUy led down to the Bonneville level 
at the delta margin. We were thus better prepared than before to 
appreciate Gilbert's explanation of the smaller size of the ancient 
deltas at the high Bonneville level than at the lower Provo level : for 
during the stand of the ancient lake at the Bonneville level all the deeper 
valleys that were flooded far back into the mountains had to be ag- 
graded, and so much material was needed for this purpose that the 
surplus for forward delta growth in the main body of the lake was 
small; but when the lake fell to the Provo level, the waste accumu- 
lated in the valleys was easily and promptly devoted to delta building 
in the lake itself; and hence the Provo deltas rapidly grew to large 
size. 

Our camp for the night of July 13 was at an isolated ranch about 
two miles northwest of the mouth of Spanish fork canyon, and was 
notable for the strength of the mountain breeze that began early in the 
evening and blew with increasing strength all night and after sunrise 
the next morning. Everything movable was drifted away, and two of 
the party had a quarter-of-a-mile search down the wind for their hats. 
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The ranchman told us that the canyon wind was a regular occurrence, 
and others said that it was on account of this wind that the district 
close about the mouth of the canyon was unoccupied. 

The Wasaich Front from Spanish Fork Canyon to Santaquin. The 
Spanish peak mass of tlve Wasatch stands to the east of the general 
line of the mountain front. The recession on the north is caused by 
an incurving of the base line at the southern end of the Provo mass, 
where the limestones that make the front and crest of that part of the 
range are all cut off in veiy suggestive fashion: the recession on the 
south is accompanied by the development of several well defined facets 
on the spurs that descend to the Bonneville delta of Spanish fork; 
these facets are conspicuous in the view from the line of the Rio 
Grande railroad, which passes near them on its way into Spanish 
fork canyon. The facets are especially large at the comer where the 
front of the range turns southward again, east of the village of Salem, 
and are shown at the left in figure 2. The question here arises again, 




Fio. 2. — The Wasatch range, between the canyons of Spanish fork on the left 
and of Payson creek on the right ; looking southeast. 

whether the large facets of this kind are due to erosion by Bonneville 
waves, or whether they are normal fault facets, more or less battered 
by weathering to a graded slope. It is true that the facets at the cor- 
ner of the range are well situated for effective attack by the lake waves; 
yet there does not seem to be a broad, forward-reaching rock platform 
beneath the facets, such as should certainly be found if tapering spurs 
of pre-Bonneville erosion in a non-faulted mountain mass had been 
cut back by wave action. 

As the mountain front turns southwestward the facets become 
smaller, but they are easily recognized at the ends of many spurs along 
the mountain base for 8 miles to Payson canyon. In the latter half of 
this distance the base line of the mountain rises several hundred feet 
over the highest Bonneville shore line; yet even there recent fault 
scarps are seen in the outwashed piedmont gravels; hence the recent 
slips and scarps elsewhere seen in the Bonneville deltas at the Wasatch 
base line should not be ascribed only to the settlement of the delta 
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sands and gravels, as has been suggested, but rather to the recent dis- 
placements of the mountain mass, as Gilbert has explained them. 

Not far northeast of Payson canyon there are low rock-Uke mounds 
in the piedmont slope, as if here a part of the down-faulted mountain 
mass were still to be seen; but they lay too far aside from our road 
to be examined. 

Between Payson and Santaquin, in the neighborhood of the village 
of Pondtown, the mountain base is below Bonneville level, and here 
.^ several rather well defined spur terminals 

|f\^^^ have the Bonneville shore line slightly 

l\)^:\0^;[. marked across the middle of their tri- 

Tn>^^^' angular facets, as in figure 3. In such 

g"^^^^ a case it is evident enough that the facets 

^ cannot be the work of lake waves; and 
FiQ. 3.— A facetted spur crossed thus such an origin is made unlikely in 

by the Bonneville shore line, .i_ i n 

near Pondtown. Oth^r places as well. 

Between Pondtown and Santaquin^ 
the gently convex base line of the range is clearly discordant with the 
mountain structure. About the middle of the base line a series of 
lighter colored strata dip into the mountain below the darker strata 
that form the higher slope; but towards either end of the base line 
the darker strata gradually descend to the base line, and the lighter 
colored strata disappear underground. Such discordance of form 
and structure, coupled with the simple curvature of the base line, 
the sharp cut ravines on the mountain face and the somewhat facetted 
spur-ends between them, must be taken as strong witnesses for the 
fault-block origin of the range. Next south of Santaquin, there are 
several outlying rock masses, west of the general mountain front, 
but their relation to the mountain was not clearly made out. 

The Wasatch Front from Santaquin to Nephi. This southward 
stretch of 20 miles gave the most unequivocal evidence of block fault- 
ing and elaborate carving, particularly well displayed near, the little 
village of Mona. To the north, as far as Spanish fork, the attitude 
of the strata is as a rule not particularly well exhibited, presumably 
because there are no contrasts of hardness qr color of sufficient strength, 
whereby the relation of structure and form should be brought out: 
but south of Santaquin the resistance of successive members of the 
stratified series in the mountain face becomes more varied, and 
structure is displayed in form with satisfactory clearness. The strike 
of the strata is seen to be northeast-southwest, with strong and vari- 
able dips to the southeast. As a result, the ridges and valleys that 
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are detennined by the stronger and weaker strata run oblique to the 
well mamtained north-south trend of the range as a whole. This 
relation is roughly shown in figure 4, sketched near Mona, looking 
eastward. The lowest members of the series, A, A, form the base 
of the range on the left (north); these were taken to be the same 
beds that are mentioned above as appearing locally at the base of the 
range along the slightly convex base line between Spring Lake and 
Santaquin. Next comes a strong ridge, B, B, somewhat dissected by 
obsequent ravines on its outcrop face, and ending in small, slightly 
facetted spurs along the base line : this was taken to be made of the 
same series of darker strata which rose to the crest of the range next 
north of Santaquin. It is most significant to note the manner in 
iMrhich this ridge is obliquely cut off where it descends to the base 
line, so that it ends accordantly with the weaker strata that lie, strati^ 




Fio. 4. — The oblique monocline of the Wasatch range, looking east from Mona: 
Ht. Nebo on the right ; a landslide on the base line below. 

graphically, below and above it; instead of projecting farther forward 
into the plain, as it certainly should do if the mountain were not a 
fault block, moderately consumed by post-faulting erosion, but were 
the residual of a once much greater mass that had been worn back 
without any aid from faulting. Back of the oblique ridge is an 
oblique subsequent valley eroded along the strike of a belt of weaker 
strata, C, C, which thus determines location of a rather low pass in the 
range. The most curious feature about these weak strata is the 
small landslide of recent date, in which their incoherent materials 
have sprawled forth on the piedmont slope; it is the only case of 
the kind that has come under my observation on the Wasatch 
front, and it indicates that an uplift of the mountain block has here 
occurred so recently and so suddenly as still to be marked by the 
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spUliDg of a considerable body of the weaker strata hundreds of 
feet forward from the mountain base. Overlying the weak strata 
are two groups of stronger beds, D, D, and F, F, separated by a 




leottbeWMateb: land- 
somewhat weaker group; and as a result the range here regains its 
height in the fine summits of Mt. Nebo. The upper strata were 
regarded by Professor Hinckley as corresponding to the Carboniferous 
series that he knows well in the Provo mass. A view of thb part of 
the range, looking southeast from a point a few miles north of Mona 
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is given in figure 5; the oblique subsequent valley b here less clearly 
visible than from points farther south. Three small cirques are 
seen on Mt. Nebo, the northernmost being poorly defined. A small 
glacier is said to occupy a cirque on the eastern side of the mountain. 



DAVIS: THE WASATCH, CANYON, AND HOUSE RANGES. 23 

Recent faulting along the mountain base is exceptionally well shown 
hereabouts. The gray scarp of the fault line is fresh and continuous 
across spur bases and valley mouths, as in figure 6. An excellent exam- 
ple of repeated faulting is seen in a fan about three miles northeast of 
Nephi, as in figure 7. The earlier fault here had a displacement 
of about 100 feet; then a valley several hundred feet wide was o{)ened 
in the uplifted part of the fan; after this a smaller displacement 
of about 20 feet occurred, making a very light colored band along 
the base of the earlier scarp and continuing for a mile or more south- 
ward through the piedmont waste slope. Like the recent faults north 
of Payson canyon, these are above the Bonneville shore line. 

It is certainly significant that none of the recent faults have been 
observed within the mountain mass, although if they occurred on the 
front slope of the Wasatch in this district they could hardly have 
escaped detection. Even on the lines of the older transverse faults 




Fio. 7. — Double fault scarp, base of Mt. Nebo Wasatch. 

which traverse some of the Basin ranges, no recent movements have 
been reported; but on the contrary these interior transverse faults 
have, in nearly all reported cases, been followed by a great amount of 
erosion, sufficient in some examples to bring about the topographic 
reversal of the faulting, and make the surface of the heaved block 
lower than that of the thrown block. It is therefore legitimate to 
regard the transverse faults, along with the composition, the folds, and 
the fossils that occur within the mass of a range, as relatively remote 
contingencies; they are not necessarily connected with the problem 
in hand, excepting in so far as they, as well as the composition, fossil 
contents, and folds of the mountain rocks, are disregarded by the 
base line which cuts across them all indifferently and thus shows 
their antiquity in contrast to its recency. 

There was an element of personal satisfaction that resulted from 
this part of the excursion along the Wasatch front. The details of 
mountain form here observed and sketched in their actual occurrence 
gave good warrant for the correctness of a hypothetical diagram, here 
reproduced in figure 8, which I published in Science for September 



24 



bulletin: uusel'm of comparative zoology. 



20, 1901, when reviewing Sputr's paper on the Ongin and Structure 
of the Baain Ranges. The diagram was not intended to be a picture 
of any actual range, for at that time I had not gained any personal ac- 
quaintance with the Basin ranges. It was simply designed to show an 
imagiaary block of various structures, that had been faulted, uplifted 
and submaturely carved; it was a graphic summary of the conse- 
quences reasonably dedudble from the theory of the block-faulting of 
the Basin ranges. When the essential features of such a diagram 
are found in nature, one may fairly conclude that the consequences 
of the theory, summarized in the diagram, are correctly deduced. 




and that the theory from which such consequences are dedudble 
furnishes the true explanation for the observed facts which corre- 
spond to the inferred consequences. 

We spent the night of July 14 at Nephi. Here the Wasatch range 
proper may be said to end, for the deep and wide valley of Salt creek 
comes after the Mt. Nebo mass. The valley comes in from the 
northeast, apparently the result of easy erosion on the next follow- 
ing Permian clays, which are everywhere very weak in the Plateau 
province. Beyond the oblique valley is an oblique ridge, trending 
northeast-southwest, like those already described; and rising behind 
it (southeast) was a still higher oblique ridge or escarpment with bold 
red cliffs, presumably of the Trias. The Wasatch fault therefore 
probably continues southward, but our turn westward the next day 
gave us no further sight of it. 
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The o{)en valley or basin that we followed southward from Santaquin 
to Nephi was bounded on the west by a low range of subdued form, 
whose eastward slope had many sprawling spurs that gradually melted 
away in the piedmont plain. Isolated hills sometimes rose from the 
plain farther forward than the spur ends. The piedmont wash headed 
in open valleys of gentle grade, interlocking with the low sprawling 
spurs. Spurs and valleys blended together almost too delicately to be 
shown properly in an outline sketch, but their relation may perhaps be 
suggested in figure 9, drawn from parts of the range west of Nephi. 




Fig. 9. — Diafrram of graded spurs in a subdued range, west of Nephi. 

The recognition of these gentle features in the well dissected and sub- 
dued ranges, in contrast to the stronger and sharper elements of form 
in the higher ranges, is an important element in the discussion of the 
ranges of the Great basin. 

Different Types of Mountain Fronts. The peculiar features of the 
Wasatch front, as here described, may perhaps be better appreciated 
in their relation to the theory of fault-block mountains in general, if 
two examples of the forms of vigorous mountain fronts of other origin 
ate adduced. 

A simple type of vigorous mountain front, in which structure and 
form are closely accordant, is found along the Rocky mountain border 
west of Denver. Here a broad uplift has brought the crystalline moun- 
tain core above the level of the horizontal strata of the Plains, the two 
being separated by a strong monoclinal flexure of the Palaeozoic and 
later strata, such as was long ago well shown in Holmes's illustra- 
tions of Hayden's early reports; for example in Section III, p. 31, of 
the Report for 1873. The mountain border does not, however, retain 
in any close way the form initially produced by deformation. Exten- 
sive erosion has worked upon the uplifted mass; the weaker strata of 
the Plains have been worn down to moderate relief, even to a {)ene- 
plain over large areas, and the mountains now rise only where the 
uplifted masses are composed of resistant rocks. The most impor- 
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tant peculiarity of this type of mountain front in the present connec- 
tion is that it has been determined essentially by a single deformation, 
upon which erosion has worked simply to carve the deformed mass, 
thus leaving its more resistant parts in prominent relief and causing 
the base line to follow the boundary between the strong and the 
weak structures. Such an exam;^ may therefore be taken as the 
type of a monogenetic mountain front. It is quite possible that more 
than one cycle of erosion is here concerned, but the uplift by which 
the present cycle was introduced seems to have been so widespread 
and uniform that it did not significantly affect the structural features 
of the range. The high-standing crystalline mass of the Front range 
is generally sharply dissected, yet in certain districts its uplands le* 
tain an accordant altitude which strongly suggests the work of an 
earlier cycle than that now current. This has been pointed out for 
the Front range north of Pikes peak by Emmons. The upland is 
well seen northeast of South park from the line of the Colorado 
Midland railroad; somewhat farther south, Pikes peak has every 
appearance of being a huge monadnock, rising above the upland 
level. The valleys that have been eroded in the upland are narrow 
as a rule, and remain narrow until they pass the foot-hill ridge or 
hog-back of upturned Mesozoic strata; then the country opens so 
broadly that the valley is almost forgotten, and it is not at first easy 
to recognize the great erosion that the Plains have suffered. One of 
the best points to correct the false impression that the Plains are 
but slightly modified from their original surface is near Trinidad, Col- 
orado, where Raton mesa, a mass of weak Plains strata capped with 
a heavy lava sheet, surmounts by some thousand feet the denuded, 
nearly peneplained surface to the north. Certain parts of the Hima- 
layas in northern India offer examples of this type of mountain front, 
but probably less modified by erosion than in the case of the Colorado 
Front range, as may be seen on the road that ascends from the plain 
of the Punjab to Simla. 

A very different type of mountain border is found in polygenetic 
ranges. The type of this class may be taken from among those 
ranges which enclose the intermont basins of Montana, as illus- 
trated, for example, in the Three Forks folio, U. S. Geological 
Survey. Here the mountains are the result of at least two periods 
of deformation, and the second deformation or warping was discord- 
ant with the first; that is, instead of merely intensifying the folds or 
faults of the earlier period, the later deformations introduced a new 
system of warpings. As a result the belts of the earlier deformed 
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and denuded structures, which are now warped upward in one direc- 
tion to a mountain crest, are warped downward in the other direction 
and descend beneath the floor of an aggraded basin. The base line 
of such ranges does not accord with structural lines; the quatemaiy 
deposits, that have been supplied to the depressions or basins by the 
erosion of the uplifted areas, lap unconformably on the mountain 
slopes and irregularly cross whatever structures have there been 
bent down. This kind of discordance between structural features 
and mountain base is repeated on a larger scale along the western 
border of the Sierra Nevada, where the Quaternary deposits of the 
Valley of California lap over the down-warped surface of the denuded 
mountain mass; and again on the southern side of the Alps, where the 
Quaternary deposits of the Plain of Lombardy overlap various de- 
nuded belts of the mountain-making rocks. A border line of this 
kind might be expected on the back slope of a tilted Basin-range 
block. The simplicity of the border would depend in large measure 
on the faintness of relief of the block surface before faulting took place. 

The front border of a fault block range would resemble the first of 
the two previous types in respect to its relatively simple base line, 
but would differ from it in presenting no essential relation between 
base line and structure; it would resemble the second type in possess- 
ing a base line that ran indifferent to the structure of the mountain 
mass, but would differ from it in the greater abruptness with which 
the mountain front would rise over the piedmont plain. 

It thus appears that various types of mountain border and base 
line are appropriate each to its own origin and history. Hence on 
returning to the Wasatch mountains with these various examples 
in mind, one is all the more convinced that continued upfaulting and 
elaborate carving of a mountain block give the only adequate explana- 
tion for such a cleft anticline as is found in the Provo mass, with its 
simple base line and sharp cut canyons; for such a carved escarpn 
ment of nearly horizontal strata as is seen in the Spanish peak mass, 
with its gracefully curved base line, its facetted spurs, and its narrow- 
mouthed ravines; or for such an obliquely truncated monocline as 
b presented in the Mt. Nebo mass, with its obliquely carved ridges 
and valleys, its facetted spurs, its spilled weak strata, and its con- 
tinuous recent fault along the mountain foot. 

It should be remembered however that the Wasatch is not prop- 
criy a member of the Basin range system. Whatever history the 
Wasatch range may have, we must not infer that the Basin ranges 
necessarily have the same history. But on the other hand the evi- 
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dent faulting of the Wasatch block makes this range a good train- 
ing ground for whoever would go into the desert farther west and 
learn there, one range at a time, what manner of mountains are to 
be found in the Great basin. 



The Canyon Range. 

From Nephi to Lemington. We crossed the subdued range west 
of Nephi by a low notch on the morning of July 15, and descended 
into a broad intermont plain or basin, known as Dog valley, which 
we traversed to the southwest. Here we saw farther westward, but 
not very clearly on account of the increasing dustiness of the air, the 
confluence of the lowering northern end of the Canyon range with the 
subdued hills that stretch southward from the Tintic range. The 
drainage outlet of Dog valley was by a shallow but rather narrow 
ravine, cut through the rounded hills on the southwest, where the 
uplands were strewn with round-weathered boulders of trachyte. 
The ravine soon widened and led us southwestward into the eastern 
part of the so-called Sevier canyon in the Canyon range. Thb is 
hardly a canyon at all, but an open valley, with liberally dissected 
sides, although the rocks exposed in its enclosing ridges seemed to be 
of an enduring nature. They included some gray limestones, appar- 
ently very resistant to arid weathering, abundant red and purplish 
quartzites, and a very coarse conglomerate with some boulders up to 
five feet in diameter. The strike of all these beds was northeast- 
southwest; their dip was steep southeast or vertical. The openness 
of the so-called canyon and the abundant dissection of the ridges on 
its sides suggested that this range, if it ever were a faulted block, must 
have reached a much more mature stage of post-faulting dissection 
than is the case with the Wasatch. Terraces and silts of Lake 
Bonneville were seen on the sides of the canyon, and extensive deltas 
were found at its western end, all now dissected by Sevier river. As 
to the origin of the canyon, there is the manifest possibility that it is 
the work of the Sevier as an antecedent river, whose course was deter- 
mined in the pre-faulting cycle and was persistently held across the 
uplifted fault block from which the existing range has been carved; 
but as to the correctness of this easy solution of the problem I shall 
not venture to express an opinion. The topography of the range, as 
indicated on the Sevier desert map sheet of the U. S. Geological 
Survey, is altogether inaccurate. The contours appear to have been 
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drawn from early surveys according to certain ill-defined general prin- 
ciples: they cannot be accepted as guides to actual forms. 

A peculiar experience of this day's ride was the dust storm we en- 
countered. The morning at Nepbi was fresh and clear, the tempera^ 
ture at 6.30 being 70^. At 8.35, when we were crossing the notch in 
the subdued range west of Nephi, a light breeze from the southwest 
was blowing, and the sky was still clear. Before noon the breeze 
had increased to a warm gale, temperature 80^ to 85^, bearing clouds 
of dust and making the sky chalky white, so that the sun cast only 
the palest shadows. Our ride directly into the dusty wind, which often 
carried grit and sand in its stronger flaws, was fatiguing and irritat- 
ing. A curious accompaniment of the wind was a standing stratus 
cloud that formed somewhat northeast of the Canyon range and ap- 
parently high above it, increasing through the morning and fading 
away with the wind in the late afternoon and evening. Cloud fila- 
ments could be seen growing and knitting together as they entered the 
western or windward side of the cloud, and dissolving away as they 
floated out on the eastern or leeward side; yet the cloud as a whole 
stood motionless in the rushing air currents. There appeared to be 
no eddying or rolling of the cloud, such as is supposed to be associated 
with the Helm bar or cloud of northwest England. We stopped for 
the night at a Swede's ranch in Lemington, about two miles west of 
the outlet of Sevier canyon, where the river had opened a broad strath 
in the sands of the Provo delta. It was interesting to note that as 
the dusty gale decreased in the late afternoon, it veered to the west 
and northwest, and that it finally died away as a light breeze from the 
north after twilight was gone. 

The Western Face of the Canyon Range. On July 16th we had a 
most interesting ride southward from Lemington along the western 
side of the Canyon range to Oak City, near its southwestern end. 
After rising from the Sevier strath to the delta level, there was a good 
view of the many ridges which make up the mountain mass. The 
northeast-southwest strike of the strata, observed in the canyon the 
day before, brings some of the ridges directly out to the western border 
of the range, where they end in rather gradual slopes. A little farther 
south, the strike turns southward, and continues for several miles 
nearly but not exactly parallel to the mountain border. At first the 
dip is rather steep into the axis of the range; farther on the beds are 
for a time nearly horizontal. The structure therefore presents dis- 
cordant relations with the range border, and thus strongly suggests 
block faulting; but the valleys between the ridges are well opened and 
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have graded floors some distance inward from their mouths; the 
ridges are for the most part rounded off at their ends, and descend to 
the piedmont plain without the least indication of terminal facets; and 
no recent fault scarps were seen across the flat piedmont fans. Henoe 
if the range is a faulted block, it is in a much more advanced stage of 
dissection than the Wasatch range, as has already been inferred from 
the openness of the Sevier canyon. Before pronouncing definitely on 
this point, more study of the base line is desirable. There is, however^ 
yet to be described a curious feature which supports the 9ii|^position 
of block faulting. 

About midway between Lemington and Oak City there is a huge, 
maturely dissected landslide at the western base of the range. We saw 




Fio. 10. — Looking north along the western side of the Canyon range, from the 
in the middle distance. 



it in the distance as we came up from the Sevier strath, when it seemed 
to be an outstretching spur, extending two or three miles from the body 
of the range; as such it was distinctly unlike the expectable features 
of a dissected block mountain. The road turns westward around the 
slide, and as we were told afterwards follows a Bonneville shore line 
that has been cut on its end, where many large boulders are exposed. 
We left the road and crossed over the slide near the range. It was 
composed of a most heterogeneous mixture of red and white quartzite, 
pebbly quartzite, and limestones, in fragments of all sizes up to six 
feet or more. Not a single ledge or outcrop was seen, although out- 
crops of quartzite strata, which dipped gently into the range, were 
abundant on the mountain flanks. Moreover the landslide was 
deeply and maturely dissected by branching valleys with graded side 
slopes; there was not a trace of the hill-and-hollow forms such as 
young landslides commonly possess. Many of the boulders had 
weathered and flaked to somewhat rounded forms. Hence the date 
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of the slide, like that of the inferred faulting of the mountain block, 
must be much less recent than that of the little slide and the modem 
faults along the base of the Nebo Wasatch. The size of the slide was 
surprising; it stretched continuously along the mountain base for at 
least two miles; its forward reach was estimated at two miles and a 
half; its height nest to the mountain side must have been at least 500 
feet, and probably more. The contact of the slide with the mountain 
side was rather well shown on the sides of a small valley which cut 
through both. The mountain face, there protected, seemed steeper 
than elsewhere. Several slides of similar character but of smaller size 
were seen farther south. 

We spent the afternoon and night at Oak City, a small town that is 




h ol Oak City. A great londallde Btretcbeg weatward from tbe nagt 



irrigated by a stream from the neighboring range. Our camp was in 
a grassy orchard of apple and peach trees belonging to Mr. Fred 
Lyman. A sketch of the canyon range and the great landslide, fig- 
ure 10, was made looking north from the hills south of the town 
about sunset: the slide extends in the distance from the middle of 
tbe right half of the figure to the first third of the left half. Part 
of the same view is shown in Plate 1, B. Our host made inquiries 
about the spur formed by the slide, saying that he had been much 
puzzled by it; he had looked into Leconte's "Elements of Geology," 
in hopes of there learning something about its origin, and had won- 
dered if it could possibly be a great moraine, but had felt doubtful of 
such an ori^n because there was no mountMn high enough above it 
to have fed a large glacier. He accepted our explanation that the 
spur is an old landslide, although against this explanation also there 
is the manifest objection that the mountain does not now seem high 
or steep enough to have provoked a fall. The evident answer to 
this objection is that the mountain may have been steeper and higher 
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than now when it was first upfaulted, and that it has lost its initial 
height and steepness in the same time and by the same processes that 
have sufficed for the dissection of the sUde. On the other hand, if 
the Canyon range Is r^arded as a mere residual of a once far-and- 
wide stretching mountain mass, instead of as a maturely dissected 
fault block, the occurrence of such a landslide is altogether incom- 
patible with the veiy advanced stage of erosion that must be as- 




n nnge tlang I he vallej of Oak 



signed to the range when the sUde occurred. The desert plain, at 
least 30 miles wide to the westward, might, as far as general geo- 
logical possibilities are concerned, be the result of wide-spread pene- 
plaination; but if that were the origin of the plain, the range at its 
border would have been reduced to slopes of so gentle a declivity that 
the occurrence of a large landslide on its decrepit flanks would be 
impossible . 
SecHoM of the Canyon Range. The following day we made an 




excursion up the valley of Oak creek eastward to its head in the crest 
of the Canyon range, which here lies close to its eastern side. There 
we turned south along the slope of its eastern face, with the desert 
plain far below, and then returned to Oak City by the valley of Dry 
creek. The range is thoroughly dissected and its slopes are veiy gen- 
erally graded. We saw no forms that could be safely referred to an 
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earlier cycle of erosion than the one now current. The eastern bor- 
der of the range, as far as we could see it, seemed remarkably abrupt. 
Two east and west sections were rapidly sketched, as in figures II and 
12, and are offered for correction by later observers. The strata cer- 
tainly show abundant deformation and reqtiire great erosion in fash- 
ioning the present form of the range. Over a thousand feet of 
limestones and probably several thousand feet of quartzites were 
seen: they are believed to be of Carboniferous age. The western limb 
of the limestone anticline in the nortbem section along Oak creek 
seemed to be replaced by a fault in the section a few miles farther 
south along Dry creek. Figure 13 represents a more detailed view 




of a sharp shear or fault on the steep eastern slope of the range some- 
what north of the col at the head of Oak creek. A mile or two 
farther south, no such deformation appeared; the eastern slope there 
was formed by outcrops of west-dipping limestones; hence it was in- 
ferred that the shear or fault in the northern section did not trend 
parallel to the eastern face of the mountain. If all the erosion indi- 
cated by these sections had taken place in a single cycle, it does not 
seem possible that the western border of the range could have its 
present relatively simple pattern. The range is therefore provi- 
sionally regarded as a fault block, perhaps faulted on both sides, 
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uplifted from a previously deformed and denuded region, and much 
dissected in the current cycle of erosion. 

Like so many other isolated ranges in the Great basin the Canyon 
range offers a well limited subject for a geological thesis. Oak City 
and Lemington, the latter reached by rail, would be good centers for 
excursions. Oak City is a characteristic oasis, absolutely dependent 
on the little stream from the mountain, by which its fields are irrigated. 
Its limit of population is about reached. 



The House Range. 

The Sevier Desert. We crossed the Sevier desert westward from 
Oak City on July 18, stopping a few hours at Deseret on the Sevier 
river on our way to the House range. Several Bonneville shore lines 
were passed as we descended the gradual detrital slope southwest of 
the Canyon range. After riding some miles across the dreary ex- 
panse of the desert plain, we saw on the distant horizon first the trees 
and then in nearer view the haystacks and houses of Deseret. This 
oasis is watered from Sevier river, of which the channel is there 150 
or 200 feet wide; the bed is 10 or 15 feet below the plain; at the time 
of our crossing there was only a shallow sluggish stream wandering 
in it.. In recent years the water supply has proved insufiicient for 
the fields; many of the trees by which the wide streets were once some- 
what shaded have died, leaving the town with a desolate and sad- 
dened appearance, in contrast with the more thrifty condition of Oak 
City and various other towns through which we had passed. A resei^ 
voir is now in construction on the Sevier east of the Canyon range; 
the day we ascended that range, the site of the dam was seen, well de- 
termined by a notch cut by the river in a low ridge. As in all such 
cases, the relief gained by water storage will be at its best when the res- 
ervoir first comes into service; it will be 15 miles long, IJ miles wide, 
60 feet deep at the deepest, and will, it is estimated, supply 100,000 
acre-feet of water. But the progressive filling of the basin by in- 
washed waste will cause its slow but continuous deterioration, for 
which even an increased height of the dam will provide only a tem- 
porary remedy. As a provisional expedient, the reservoir is of unques- 
tionable value, but the importance of such devices is overestimated by 
those who look on them as the means of a permanent rescue from desert 
conditions. At the best, the area irrigable from reservoirs in this re- 
gion can be but a very small fraction of the unmitigated desert, because 
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the* rainfall even on the mountains is so pitifully small. It has been 
somewhat the fashion in recent years to say that the "great Ameri- 
can desert** of the earlier explorers does not exist. This may be 
taken as a popular manner of correcting the previously wrong belief 
that a desert region is altogether uninhabitable. Truly it is marvel- 
ous to witness the transformation that irrigation has already produced 
in favored areas, and there is every reason to think that still greater 
transformations will be made when the great works of the Reclama- 
tion service are carried out. But it should not be forgotten that the 
total irrigable area can be only a very small part of the enormous arid 
region of the west, because the available water supply is so small. 
The great desert is a permanent feature in the arid western country, 
and its barrenness is only emphasized by the verdure of the oases that 
are dotted about upon it. 

As our horses had no water in the ride of 22 miles from Oak City, 
we stopped at a house in the outskirts of Deseret where a small flowing 
well fills a shaded trough. The farmer had lived here for a score of 
years, depending chiefly on slightly brackish water pumped from a 
shallow well for house use; ten years ago he tried driving a deeper 
well, and after two days' work struck at a depth of 150 feet a sheet of 
excellent water which rose to the surface and has been flowing ever 
since. A railroad passes through Deseret: it originally ran to a min- 
ing district farther south; it is now in process of extension southwest- 
ward across the desert country with the aim of eventually reaching 
southern California. The effort to construct a road across so barren 
and desolate a region indicates how great is the value of a through line. 

A Week abofui the House Range, The House range is so dry that 
there is only one ranch in its middle and southern part, where our trip 
extended. We therefore engaged a second wagon at Deseret to carry 
a week's supply of hay and grain for our horses, as well as some bar- 
rels to hold water for certain dry camps. A piece of rubber hose, 
with which to siphon water from barrel to bucket, was a useful item 
in the outfit. Thus reenforced we left Deseret in the late afternoon, 
followed the northern side of the Sevier flood plain, where occasional 
overflow in the spring and a certain amount of ground water supports 
enough grass to yield pasturage for scattered flocks, and made 12 
miles westward to Craft's ranch, where a well of rather brackish water 
and some meadows from which hay is harvested, determine the 
dwelling place of a family. The next day, July 19, saw us across the 
western part of the desert, with a temperature of 98° in the early 
afternoon, and up the gentle slope of the eastern side of the House 
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range to Antelope Spring, where excellent water is to be had in SQiall 
amount. 

In 90 far as our observations ooncem the structure, form, and origin 
of the House range, they will be presented in systematic order, instead 
of in the order of dates; the following notes give our route and make 
mention of various items of interest during our week in this district. 
The localities mentioned may be identified on figure 17. 

We spent July 20 near Antelope Spring, ascending to one of the 
great promontories of the steep western escarpment of the range, 
from which we could to advantage overlook the desert basin of Tule 
flat. A creamy playa occupied its central area, and its centripetal 
slopes were contoured with belts of varicolored desert vegetation. 
Many Bonneville shorelines were faintly marked on the sloping pied- 
mont fans below us, 28 being counted with a field glass on one fan, 
and 33 on another. Some rain clouds formed over the range in the 
afternoon; they were characteristic for their small proportion of cum- 
ulus to cirro-stratus, and for the evaporation of their rain trails high 
in the air, even above the mountain ridges. 

On July 21, we went on westward, descending by a good wagon 
road through a ravine in the mountain escarpment, then following down 
the stony piedmont slope and crossing the playa; here the temperature 
ranged from 98^ to 100^, and while by no means agreeable it was not 
so uncomfortable as anticipatory descriptions had led us to expect 
We found Indian Spring a little beyond the western border of the 
playa, with a good supply of somewhat warmish water. The highest 
Bonneville shore line that we crossed on the way was several hun- 
dred feet over the playa. At that level as well as lower down the 
piedmont slope, there were occasional small Bonneville deltas built 
on the great fans opposite the ravines in the mountain scarp, and 
many cut shore lines on the intermediate stretches; the cut shore- 
lines have caused the erosion of many narrow gulches in the waste 
slope above them and the formation of corresponding small fans on 
the slope below them. It is noteworthy that the long piedmont 
slopes contain a much greater volume of stony waste than the 
Bonneville deltas, and are therefore of much greater antiquity than 
the Bonneville epoch. Indeed when the larger piedmont fans are 
viewed from a few miles away, the Bonneville shore lines make little 
impression on them. The shore lines and spits shown on the south- 
em side of the fans at the base of the Sawtooth escarpment in figure 
22 are drawn unduly large. A small ridge of dark limestone, isolated 
in the waste slope south of the road to Indian Spring, and of a 
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ragged wizened surface like much of the limestone in the arid coun- 
try, was thinly mantled with a gray sintery incrustation, while white 
Bonneville silts were spread around its base. 

The wash of angular stony scraps seems to be extending from the 
base of the piedmont slope and overspreading the finer central deposits 
of the intermont basin; the stones decrease in size as the distance from 
the mountain increases, but they are still angular. When they aver- 
age only from one to three inches, they form a sort of open-work 
Mosaic pavement of many well-toned colors. It was chiefly the larger 
stones that were turned dark brown with desert varnish. On ap- 
proaching the creamy playa, we crossed a belt of greasewood bushes; 
each bush determined the formation of a mound, from 4 to 6 feet high, 
of wind-drifted material within its branches and for 10 or 20 feet to 
leeward (N E.). The plain here has in consequence a very differ- 
ent appearance according as one looks up the wind and sees chiefly 
the white mounds, or down the wind and sees chiefly the green 
bushes. Some of the mounds were made of fine textured clayey 
material; others of oolitic grains; the latter were of looser build than 
the former. We found the playa surface firm and smooth, so that 
our wagon wheels left only shallow marks; but at one point we saw 
indications that some earlier travellers had been mired when the 
playa was wet and soft. 

The chief object in crossing the plain to Indian Spring was to get 
sketches and photographs of the western face of the House range in 
the advantageous light of the late afternoon, but we were disappointed 
in this object by reason of a curious dust storm. The morning had 
been clear. About noon clouds began to form over the House range 
in the east and over a lower, subdued range in the west; the clouds at 
first were cumulus of moderate thickness; afterwards a cirro-stratus 
overflow was added, which turned towards the playa basin from each 
range. About 5 p. m. the cumulus part of the clouds had almost dis- 
appeared and rain trails were seen falling from the cirro-stratus that 
came from the House range. At the same time clouds of dust were 
raised beneath the rain trail, apparently around the border of a body 
of descending, outflowing, and again ascending air. The dusty wind 
squall passed our camp and made the air so turbid that the mountains 
were completely hidden for a time; at sunset they were seen only in 
general outline, without detail. 

We rode southward on July 22, crossing the plain west of the playa, 
where the fine powdery soil, rather plentifully occupied with low grease- 
wood bushes, gave hard work to our horses. After a few tiresome 
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miles we reached some low isolated limestone ridges in which the 
northeast strike of the beds, with northwest dip, did not agree with 
the general north and south trend of the relief. Similar isolated ridges 
had been noticed north of Indian Spring, and we were led to suppose 
that all of them belonged together on the crest of an otherwise 
buried fault block. Shorelines, apparently at the Provo level, were 
well carved on the ridge slopes; the cut platforms were seldom over 
fifty feet wide, even where they faced a broad stretch of deep waters 
in the ancient lake; and this confirms the opinion already expressed 
that the large terminal facets of the Wasatch spurs cannot have been 
to any significant extent carved by the Bonneville waves, for the cut 
platforms would have to be at least a thousand feet broad to match 
them. 

Several sketches of the House range, including figures 19 and 21, 
were drawn from one of the isolated ridges in the oppressive heat of 
the afternoon, but clouds and haze again prevented our taking any ser- 
viceable photographs. A low range on the western side of the inter- 




Fio. 14. — Bevelled upland, west of the southern end of the House range, look- 
ing south. 



mont basin, some miles to the south, showed an even upland which 
bevelled its west-dipping strata, as in figure 14, this was one of the 
few cases in which a form, apparently referable to an earlier cycle of 
erosion, was recognized. To the west of the isolated ridges and beyond 
an arm of the basin plain, a long slope or wash ascended gradually into 
open branching valleys between the sprawling, fading spurs of a sub- 
dued and low desert range, which stretched north-northwest from the 
bevelled upland, figured above. The indefinite baseline in the range 
trended northwest, while the strike of its west-dipping strata was more 
nearly north and south, so that one member of the rock series after 
the other ran obliquely down from the range crest to its frayed-out 
border and disappeared under the wash. The general appearance of 
a part of this range, as seen from the western base of the House range 
two days later, is shown in figure 15, without indication of structure. 
It seems here as if a peneplain, eroded on west-dipping strata, might 
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have been uplifted and warped with a moderate slant to the northeast, 
and then maturely dissected; but this idea is only offered in the way 
of a suggestion, to be tested by some one who may cross to the west- 
em side of thb unattractive, waterless range. 

In the afternoon we turned eastward across the southern arm of the 
playa and ascended a great fan, figure 21, to Painters Spring in a ravine 
at the western base of the granitic part of the House range, Plate 2, 
A and B. Boulders up to 15 or 20 feet in diameter are common in the 
lower part of the ravine and at the apex of the fan; some boulders are 
10 or 15 feet through at a dbtance of half a mile from the ravine mouth. 
The slope of the fan near its head was about 8^. As has been stated 
already for other fans, the shore lines that are cut on this one are rela- 




Fio. 15. — A subdued range west of Tule flats, looking west. 



tively insignificant features; some beaches and south-pointing spits 
on the piedmont slope a few miles farther north are of larger size. 
The mouth of Painters ravine is lower now than it was once, as is 
indicated by old boulders which lie on a rude terrace or bench, some 
50 feet above the present channel. Some of the boulders are much 
weathered; one of them, sketched in figure 16, suggests the skull of 
a huge pachyderm; it was 9 feet in height. The ravine has a number 
of good-sized cottonwood tree^, 30 or 40 feet high, growing in its bed; 
hence it may be inferred that no devastating, boulder-bearing flood 
has swept down the ravine for many years past. The little stream in 
the ravine was led by pipes to some troughs, built by stockmen, but at 
the time of our visit there was no stock in the intermont basin, although 
we saw a number of horses and cattle on the mountain. The stream 
was not running when we entered the ravine about sunset, but it began 
to trickle soon after dark, and it ran merrily through the night and the 
early hours of the next morning, only to dry away again when the sun 
came over the tnountain. 

The greater part of July 23 was given to a ride southward and back 
again along the base of the range, crossing several great fans on the 
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way, and entering some of the ravines to aee the relation of the instru- 
sive granite to the limestones. There were several light showers in 
the early afternoon, drifting northeastward. After their passage we 
climbed one of the spurs near Pfunters ravine, whence a fine view was 
opened along the face of the range. The next day we turned north- 
ward, and then crossed the range eastward by the southem of the two 
roads hereabouts through a low pass. After continuing eastward 
nearly to the base of the range, we turned southweatward up a dry val- 
ley, at the head of which, near the granite, there was a sinall spring. 
Prom this point we walked up to the range crest on July 25, gaining 
extended views in all directions. Sevier lake was well seen to the 
southeast. Several good springs occur in the granite part of the hi^- 
land; they are indicated by copses of bright 
green aspens, as well as by many well-worn 
paths of horses and cattle leading to them. 
The lower valleys were nearly all dry. 
There are good sized pines and firs on the 
higher slopes, but many of the trees are 
dead, and there are few or no young ones 
to replace them. In the evening we turned 

^'^'^"'^Tf".'^'™'."'*' back towards Deseret, making a dry camp 
boulder in Painters ravine, , , , , , , . . , .„. ^ '^ 

House ranee: heighi of boui- 'or the mght on the plain m bnlhant moon- 
der, B feel. light. The next afternoon we reached 

Deseret and there the party disbanded. 
The Strvcture and Subdivimana of the House Range. Gilbert visited 
this range in 1902 and gave some description of it at the meeting of the 
Geological Society of America in Washington in the following winter; 
but no published account of his observations has yet appeared. The 
range as thus described seemed to offer so many features character- 
istic of a typical fault-block mountain, well dissected, that I deter- 
mined to have a sight of it. As Gilbert's report will include a map by 
Johnson and a fuller discussion of the rock series and structure than 
could be made from our brief visit, the present account will be limited 
to matters bearing particularly on the place that the range should have 
in a systematic classification of mountains. 

The range trends north and south, with a length of forty or fifty miles 
and a breadth of ten or twelve. As a whole it is an east-dipping mono- 
cline of palaeozoic strata, presenting a moderate slope to the east and 
a strong escarpment to the west. There is a large intrusion of granite 
in its southern part. The highest summit, Swazy peak, rises next north 
of Antelope Spring, near the middle of the range; the deseft bastos on 
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< S, Swuy peak - S. B. Smoothback mass; S. T., Sawtooth lUEtss. Lines 
slanting to right, upper gray timeaton«a ; horizontal lines, grey-and-slate- 
colored loner limestones ; lines slanting to left, quartiites. A, Antelope 
Spring ; N, pass of northern road ; R, pass of southern road ; P. Painters 
Spring, The playa of Tule flats liea to the west of the range. 
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the east and west have an elevation of between 4,500 and 5,000 feet. 
When seen from the Sevier desert on the east, the crest of the southern 
part of the range shows some rather strong knobs, from which it has 
been called the Sawtooth nuige; this name will here be used for the 
quarter of its length that lies south of the southern of the two roads 
by which it is crossed. The next quarter, rather a short quarter. 




Pia. IB.— But-weat section of the 8wur nuuB. lookins n 



: length ot «ec- 



indeed, lies between the two roads; it has an even crest and a sim- 
pler back slope than the rest of the range; this part will therefore 
here be designated by a provisional name, the Smoothback mass, 
because of its freedom from deep ravines by which the eastern slope 
of the range is elsewhere dissected. Then comes the Swazy mass, 
north of which our excursion did not reach. The parts of the 




Fia. 19. — The south end of the Smwxhback escirpment. 
which the southern road UMeada to the oblique truiav 
worn on the Trlloblte shales; looking east. 

range here referred to are shown on the rude map of figure 17. 

The lowest beds that we saw along the base of the western escarp- 
ment were chiefly dull reddish quartzitic strata, several hundred feet 
in thickness; these were followed by a great body of limestones with 
some shales near their middle; the lower limestones make gray-and- 
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slate colored cliffs in the escarpments of the Swazy and Smoothback 
masses, the middle membera are lai^ly shales, containing Agnostus 
and Discina, and the upper members are strong grayish limestones 
which form Swazy peak and (if our identifications are correct) the 
knobs of the Sawtooth range. The total thickness of the series must 
be 4,000 or 5,000 feet at least. With more time for observation, this 




Fia. 30, — Looking aoulhward acrosa p*n of the gnmlllc hlEhland oF ihc Saw- 
tooth mus to one of the eacup'OBi'tB ol the oveilrlngnrftlt (middle itaales). 
The escupment ot the upper gnj llmealonea is In the distance on the left. 

rough statement of the rock series might have been greatly refined; 
as it stands it is undoubtedly open to corrections from whoever can 
examine the range more thoroughly. 

The Swazy mass is a simple monocline, dipping eastward 5° or 10°, 
as illustrated in figure 18. The gray-and-slate colored limestones 
make the bold promontories west of the peak and as far northward as 




FK) 21.— The western escwpmeal of the Sawtooth mass, with ragged iranlUc 
spun and the great (an of Painters ravine In the center. The cIllTs of the up- 
per gra; litneslone* descend Crom the dllTed peaks southward (to the right). 

we could trace them from a good view point. Here and far to the 
north the eastward dip of the strata might account for the north-south 
trend of the range, for its bold west-facing escarpment, and for its 
moderate eastward slope, under the action of long continued ero- 
sion alone and without block faulting, provided that a body of weak 
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strata occurred beneath the harder strata which cap the escarpment; 
but we found no sufficient indication of such weak strata, for the 
base of the escarpment is made chiefly of quartzitic beds which 
stand out in abundant outcrops. 

Tlie Smoothback mass is also a simple east-dipping monocline for 
the most part, but on its southern side a dip of 15° or 20° to the south- 
east is developed; and as a result the gray-and-slate colored clifFs 
which crown the escarpment along this quarter of the range, as well 
as farther north, descend to the mountain base at the north end of the 
Sawtooth mass, and the Trilobite shales make an oblique, northeast- 
southwest depression across the range between its two southern quart- 
ers and open a broad gap in its western face. Curiously enough, a 
sharp notch is cut east and west into the descending part of the gray- 
and-slate escarpment, shown in front view in figures 19 and 22, and 




in side view in Plate 3, A, and in figure 2S; and through this notch 
the southern of the two roads ascends from the basin of Tule flats to 
the oblique depression and pass formed by the Trilobite shales. The 
notch and the absence of the upper limestones from the Smoothback 
mass are peculiar features, not to be explained by a one-cycle carving 
of a simple monocline, but easily explained by erosion in two cycles. 
The Sawtooth mass continues the southeast dip which began on 
the southern side of the Smoothback mass, and as a result the scarp- 
making edges of the harder layers here run obliquely across the back 
slope of the range: they may be easily traced from their first appear- 
ance low down at the eastern base, through their gradual ascent south- 
westward to the range crest, although they are more or less interrupted 
by deep valleys. About the middle of this mass intrusive granite re- 
places the stratified series over several square miles of highland, as 
shown in figure 20, and occupies part of the western escarpment, as 
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in Bgure 21 (see also figure 17, and Plate 2, A, B); yet it causes vet; 
little disturbance in the monoclinal attitude of the layers. The south- 
em end of the range seems to be detennined by a somewhat steeper 
dip, whereby the resistant limestones that make the teeth of the saw 
descend with the crest of the range to lower and lower levels; but we 
did not go far enough southward to determine just how the termina- 
tion of the range is brought about. In consequence of this south- 
eastward dip, the western escarpment of the Sawtooth mass gives an 
oblique section of the rock series which is of great significance, as will 
be more fully stated below. The general features of this escarpment 
are shown in figure 22, in which several sketches from different points 
are combined, thus giving the effect of a more distant view than was 
really taken. The fans are somewhat over-large for the height of 
the range. 




■pits buUl Ol 

There is some indication of a transverse fault between the Swazy and 
Smoothback masses, for on viewing their escarpments from the playa 
on the west, the gray-and-slate colored cliffs which cap the promon- 
tories of the Swazy mass and the more continuous escarpment of the 
Smoothback mass do not seem to stand in the same plane; the south- 
em seems to be several hundred feet lower than the northern, and the 
displacement apparently Ues somewhat north of the ravine by which 
the northern road descends to the playa. Some local indications of 
such a displacement, with the downthrow on the south, were noted 
aa we came down the road in the ravine; an isolated knob north of 
the road had its cliff-making strata at apparently the same level as 
those on the south of the road, but lower by some 200 feet than the cor- 
lesponding strata in the next spur farther north, as in figure 23. The 
termination of several ridges on the eastern slope a little north of 
the northern road also suggests that they are prevented from con- 
tinuing farther south by a transverse fault. 
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There is evidence of a still stronger transverse fault in the northerq 
part of the Sawtooth mass, for after the heavy gray-and-slate colored 
limestones of the Smoothback mass have pitched southward and dis- 
appeared, the nest strata farther south, just before the granite is 
reached, are reddish quartzitic beds, which elsewhere were noted only 
beneath the limestones. Unfortunately we had not time to make a 
careful northwest-southeast section across the questionable district, 
by which such a fault could be easily determined. 

The Wesl-facmg Escarpment of the House Range. The range thus 
described is believed to be a tilted and dissected fault block, chiefly 
because its western escarpment and baseline are comparatively con- 
tinuous and of moderate curvature, although they traverse a variety 
of structures; and because a number of rock masses, peculiarly de- 




Fio. 23.~ Displaced knob of griy-and-state 
northeni road; l(K>klaB nanhwest; Tule flats 
the distance. 



formed and out of place, occur in the piedmont slope beneath the 
escarpment. The dissection of the fault block has progressed much 
farther than the dissection of the Wasatch range, and about as far 
as that of the Canyon range. 

With regard to the west-fadng escarpment, it might, as already 
suggested, be explained in the Swazy mass as the normally retreating 
face of a monoclinal structure which once extended much farther 
westward, provided that a series of sufficiently weak strata was found 
along its base. But if this were the true explanation, the escarpment 
should persistently follow the strike of the clitf-making limestones; 
it should turn to the southwest at the southern part of the Smoothback 
mass, where the dip changes from eastward to southeastward. Simi- 
larly, the strata in the strong northeast-southwest escarpment, by 
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which the northern border of the Sawtooth mass overlooks the oblique 
depression along the southern side of the Smoothback mass, should 
continue their course far to the southwest across the intermont basin » 
instead of being cut off obliquely about in line with the termination 
of the cliffs in the Smoothback mass, as in figure 22 (left end). Like- 
wise the heavy limestones that form the high knobs of the Sawtooth 
mass should continue with full height southwestward along their strike, 
instead of obliquely descending the face of the range to the basin level 
and ending in line with their truncated fellows. Far from exem- 
plifying the well determined laws that correlate the structure and 
the form of folded and normally eroded mountain masses, the various 
resistant members of the House range are all arbitrarily terminated 
on the north-south line of the west-facing escarpment; hence the es- 
carpment cannot be reasonably regarded as the result of normal retro- 
gression of a once much larger monoclinal mass ; the termination 
of the strong mountain-making strata can be explained only by block 
faulting of a comparatively recent date. The oblique truncation of 
the rock series in the southern part of the range is therefore highly 
significant, and its explanation carries with it the explanation of the 
simpler escarpment farther north. 

The continuity of the escarpment across the granitic part of the Saw- 
tooth mass is less significant than was supposed when the granite was 
first seen in the distance; for a closer examination showed that the 
granite did not generally come forward to the face of the mountain, but 
was bordered by certain members of the normal series along the base 
of the range, as in Plate 3, B. Still several branches of the granite 
intrusion do come out to the base of the range and instead of making 
spurs are there terminated in line with the bedded rocks among which 
they are intruded. 

Whether the transverse faults near the two cross roads are finalfy 
shown to exist or not, and whether, if proved to exist, they are of remote 
or of comparatively recent date are matters that do not bear on the 
problem here discussed; for the fault that is inferred along the western 
base of the range may cut older faults just as easily as it may cut older 
folds or monoclines or strata of any attitude. 

The displaced rock masses along the western or faulted base of the 
range are of importance. Several examples may be noted. One was 
seen at the western base below the high promontory west of Swazy 
peak, as sketched in figure 24; it should be compared with the more 
normal section in figure 18. A short distance south of the northern 
road an outcrop of gray limestone with a westward dip of 35^ was seen 
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in the piedmont slope beneath the quartzitic series. Along the base 
of the southern part of the Smoothback escarpment, there is a piedmont 
ridge a mile or more in length, consisting of quartzite and limestone, 
apparently with normal dip, but much below the normal position, as 
in figure 25 and in Plate 3, A. Finally there are some low spurs 
below the northern end of the Sawtooth escarpment, two or three 




Fro. 21. — Displaced strata at the base of (he western escarpment, Bwai; mass; 
looking north. 

miles north of Painters ravine, where layers of limestone of uoknowii 
position in the series dip to the northwest at moderate angles. Wheii 
the general regularity of the monoclinal structure in the range is re- 
called, with prevalent dips to the east and southeast, it becomes all the 
more significant that the several cases of westward dips are found in 
narrow belts of displaced layers along the western base of the range. 




where the occurrence of a great fault is clearly indicated by independ- 
ent evidence. 

In view of all this it may be fairly said that the essential conse- 
quences of the fault-block theory of the Basin ranges are successful in 
meeting the appropriate facts with which they are here confronted, 
and that the theory is worthy of acceptance, so far as House range is 
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concerned. The uplifted block has, as a natural accompaniment, an 
associated depressed block, now buried under the detritus of the 
axljacent intermont trough. The trough or basin of Tule flats, 
west of the House range, is an excellent counterpart of the range itself. 

The amount of displacement by which the House range block was 
set in relief is not closely determinate, because the corresponding strata 
in the depressed block under Tule flats are not to be seen ; but a meas- 
ure of 3,000 feet may be given as a minimum. 

Post-faulting Erosion of the House Range. The erosion that the 
House range has suffered since the last faulting and uplift of its block 
is very much greater than the corresponding erosion of the Wasatch 
range. The base of the House range escarpment is not marked by 
any faults across its detrital fans. The great promontories and spurs 
into which the face of the Swazy escarpment in particular is carved 
have no distinct truncating facets at their base. The crest of the 
escarpment in general must have retreated the greater part of a mile 
from the fault face. The valleys between the spurs have somewhat 
opened mouths. The back slopes of the Swazy and Sawtooth masses 
are deeply carved by many valleys. If the range shows more un- 
graded cliffs than are seen in the Spanish-peak Wasatch, for example, 
this feature must be ascribed to the repeated alternations of hard and 
soft layers, and not to early youth. Yet the erosion of the faulted 
mass must reach at least twice its present large measure before the 
evidence of faulting, based on the oblique truncation of the heavy 
limestones by the west-facing escarpment, is seriously impaired. 

An appropriate consequence of the advanced erosion of the uplifted 
block is the great size of the fans at the foot of the escarpment. It is 
evident enough from the small share that the Bonneville waves have 
had in modifying the fans that the climatic conditions which led to the 
formation of large lakes in the intermont depressions were brief and 
recent episodes in the post-faulting history of the range, and that a 
climate like that of today has been characteristic of the region as far 
back as climatic conditions can be inferred. 

Pre-faiilting Erosion of the House Range. An interesting problem 
b opened by the search for remains of forms that were produced by 
erosion in the pre-faulting cycle and that have not yet been entirely 
obliterated by the erosion of the post-faulting cycle. It is evident that 
such forms are limited to the back slope of the tilted block. They had 
their origin in the first of the three chapters into which any problem of 
the kind here treated is naturally divided: a first cycle of erosion, 
involving the structure, erosion and form of the pre-faulting period; 
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the faulting, by which the first cycle was interrupted; and a second or 
post-faulting cycle of erosion, producing the forms of to-day. "ITie 
Swazy and the Sawtooth masses are of special interest in these respects, 
since they both possess features that cannot be reasonably accounted 
for by post-faulting erosion, or by erosion in a single cycle uninter- 
rupted by faulting, and yet which are very reasonably accounted for 
by pre-faulting erosion. The features of the southern mass will be 
considered first. 

The oblique course of the scarp-making layers on the back slope of 
the Sawtooth mass has already been mentioned. The northernmost 
scarp, which overlooks the valley worn on the Trilobite shales, may be 
in some way related to the fault that is supposed to divide the two 
southern masses; the other scarps, especially the one formed on the 
uppermost gray limestone, are purely the work of retrogressive erosion. 
Their course is only locally interrupted by the granitic intrusion and 




by the valleys of the back slope. On the whole they maintain their 
oblique ascent of the range in rather regular order, as indicated in 
figure 17. The escarpment of the middle layers fadng northward 
towards the granite is shown in figure 26. Three suppositions may 
be made in explanation of these features: — a single southeast-dip- 
ping monocline, long eroded in a single cycle, without further distur- 
bance by tilting or faulting; a southeast-dipping monocline, long ago 
cut in two by a north-south fault and the eastern block uplifted with 
an eastward slant before much erosion of the monocline had been 
accomplished; the same, hut with subrecent faulting ami uplift after 
much erosion of the monocline. The second and third cases differ 
from the first in involving two cycles of erosion, instead of only one; 
they differ from each other in that the second case postulates a short 
first cycle and a long second cycle, while the third case postulates 
a long first cycle and a short second cycle. 
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The case of the simple monocline eroded in a single cycle will be 
first considered. If the present southeast dip of the strata in the Saw- 
tooth mass were the result of a single deformation, long acted on by 
normal erosive processes, a series of ridges and valleys trending north- 
east and southwest would be the inevitable result, and these features 
would continue as far as the longitudinal extent of the monocline; 
the general altitude of each ridge in a late stage of erosion would de- 
pend on the resistance of its strata; notches and water gaps might be 
cut here and there, but no persistent increase of height in one direction 
for ten or more miles could be expected. On turning to the observed 
facts, it is evident that they strongly contradict these consequences of 
a single cycle of erosion. The ridges or scarped edges of the harder 
layers die away at the eastern base of the range, although there is no 
indication that the monocline terminates there; it has every appear- 
ance of being continued under the gravels of the eastern piedmont 
slope, which are indeed interrupted here and there by undetermined 
mounds for some distance out towards the Sevier desert plain. To 
the southwest, the scarps are sharply cut off in the fine escarpment of 
the range; and between these two unlike endings they show a gradual 
increase in height, locally interrupted by notches and valleys. The 
supposition of a single cycle of erosion is therefore altogether inade- 
quate to explain the facts. 

In the second case, if the fault block of monoclinal structure were 
uplifted with an eastward slant before much erosion of the preexist- 
ing monocline had been accomplished, then the recession of the vari- 
ous ridges or scarp-making layers from the crest of the block must 
have been effected since the faulting. Such a recession might well 
result in due time in the formation of a number of ridges on the 
back slope of the block, but each ridge should then continue its 
course far northeastward to the end of the block along the strike 
given to its strata by the combined movements of the two periods of 
deformation. As a matter of fact the back-slope ridges in the Saw- 
tooth mass run obliquely down from the crest of the range to its east- 
ern base and there fade away. Hence the supposition of faulting 
before the pre-existent monocline was much eroded is also unsatis- 
factory. 

In the third case, if the southeast-dipping monocline were much 
eroded before the north-south block faulting occurred, then the back 
slope of the tilted block should be obliquely ascended by belts of 
hard and soft strata, sculptured into appropriate relief; and these 
oblique features would be altogether destroyed only after much ero- 
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aion of the uplifted block. The peculiar consequences of the third 
supposition accord so well with the facts of observation that the sup- 
position is warranted. 

It must therefore be concluded that the district of the Sawtooth 
mass was reduced, in a cycle of erosion before the block faulting, to a 
series of monoclinal ridges and valleys of moderate relief, the general 
series of trends being about northeast and southwest, and the drainage 
being adjusted to the structure in longitudinal and transverse courses. 
Since the opening of the second cycle of erosion by the upfaulting of 
the mountain block, the fault face has been deeply carved and the back 
slope has gained a greatly increased relief in the incision of many val- 
leys, most of which seem to result from the revival of the preexistent 
adjusted streams; but the oblique course of the strata on the back 
slope still persists in the general pattern of the first cycle. 

One curious feature deserves special mention here. The knobs or 
teeth from which the Sawtooth range gains its name are'formed of the 
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uppermost limestone, where its scarp reaches the crest of the block. 
Seen from the eastern side, the teeth are round and dull ; but on the 
western face they have been cut sharp in huge vertical cliSs at the 
head of deep ravines. The contrast of the two slopes is very strik- 
ing; it can be seen to advantage only from the crest of the range 
itself, north of the teeth, where both their sides are visible, a^ in figure 
27. 

The history of the Swazy mass may be mcwe briefly sketched. The 
eastward dip of the strata in this part of the range is but little greater 
than the eastward dip of the block itself. Before the faulting oc- 
curred, the strata must have been nearly horizontal. In a district of 
truly horizontal strata, the result of prolonged erosion would be the 
production of irregular and relatively systemless escarpments. In a 
district of gently dipping strata extensive erosion might produce some 
general alignments, but the alignments would have a considerable 
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irregularity and many irregular valleys would be eroded in the higher 
strata. If we now turn to the facts it is found that the higher gray 
limestones of Swazy peak have a border that pays little attention to 
the scarp of the fault block. The border of the higher limestones 
stands well to the west in the peak, which rises only two or three miles 
back from the face of the range; the border recedes southeastward 
(and probably northeastward also) on the flanks of the peak, and 
nearly reaches the eastern base of the range by the northern road. 
The slopes of the range east of the peak are irregularly dissected by 
valleys that show basset edges, as in figure 28, with unusual frequency. 

These features suggest very strongly that the general outline of the 
upper limestones must have been deter- 
mined by extensive erosion in the earlier 

cycle, before block faulting occurred. The -^^^ . ^v:^^<::^-^^-*s «■ / 
gray-and-slate colored limestone, on the '^\ V *:>^-.. ^^ -^ 
other hand, advances to the great promon- fio. 28.— VaUey in the back 
tones of the Swazy mass, and these prom- slope of the Swazy mass, with 
ontories stand in so accordant a relation to o^ps^l^kiT/nonh^*^ 
the western base of the range that it must be 

supposed they were determined by post-faulting erosion. It is satis- 
factory to note that these conclusions accord with those gained from 
the features of the Sawtooth mass. For the present, Swazy peak has 
generally graded slopes; but when the ravines of the western escarp- 
ment are gnawed farther back into the range, some of them will 
undercut the base of the peak and sharpen it into huge cliffs that 
may outrival those already sharpened in the Sawtooth mass. 

The absence of the upper gray limestones from the eastern slope of 
the Smoothback mass cannot be accounted for by erosion during the 
relatively short part of a cycle that has elapsed since the block fault- 
ing, but it may have been accomplished naturally enough in the pre- 
faulting cycle. In such a case the Smoothback area may then have 
been a peneplain underlaid by the more or less shaly intermediate 
members of the rock series. Since the block faulting the shales have 
been mostly swept off, leaving a rather smoothly stripped back slope, 
from which this part of the range b given its provisional name. 



General Consiberations. 

If the conclusions now reached are taken to apply to the Basin 
ranges as a whole, the following general statement may be made. 
The region appears to have reached a stage of late maturity or early 
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old age in a cycle of erosion that was introduced by a relatively remote 
and wide-spread deformation. The low ranges with sprawling, fad- 
ing spurs and wide open valley mouths are regarded as the resid- 
ual reliefs of the earlier cycle, undisturbed or only slightly disturbed 
by the later faulting, and not greatly modified by continued erosion. 
The high ranges, with strong slopes, simple base lines on at least one 
side, and relatively narrow valley mouths, are regarded as uplifted 
and tilted blocks of the previously eroded region, now well entered 
upon a new cycle of erosion. Tlie intermont depressions, more or 
less aggraded, appear to be relatively depressed areas, now covered 
with waste from the higher areas; .but the possible occurrence of bev- 
elled rock floors at a small depth beneath the waste slopes of the low 
ranges must not be overlooked, especially where the waste slopes 
extend far up towards the low mountain crests. 

Gilbert has explained the Basin ranges essentially as tilted blocks; 
his original account gave much attention to the faulting of the moun- 
tain blocks, little attention to their pre-faulting structures, and still less 
attention to the pre-faulting and post-faulting erosion that they have 
suffered. Spurr has more recently explained the Basin ranges without 
regard to block faulting, as the result of "compound erosion," that is, 
of a long continued series of deformations and associated erosions, 
but without attempting to specify the sequence, the dates or the rela- 
tive values of the processes concerned. Thus stated the two explana- 
tions of the Basin ranges seem incompatible. 

Gilbert's later discussion of the Basin range problem, in the oral 
presentation of his paper at Washington, as above stated, takes fuller 
account of the three chapters that his theory suggests; namely, the 
pre-faulting structure and erosion, the faulting of the mountain blocks, 
and the post-faulting erosion. His conclusions are well supported by 
Louderback in a recent Bulletin of the Geological Society of America, 
concerning an isolated range in the Great basin, in which it is clearly 
shown that the pre-faulting deformation was followed by so long a 
period of erosion as to reduce the district to a surface of small relief, 
which was then covered by a lava sheet; that a block of the compound 
mass was then uplifted with a tilt to the eastward; and that later ero- 
sion has not yet accomplished extensive dissection of the tilted block. 
In this case, the term, monoclinal block, is justified by the attitude of 
the tilted lava sheet, but not by the disordered structures beneath it. 

The incompatibility between Gilbert's and Spurr's explanations 
disappears if the various factors of Spurr's compound erosion are 
given specific values. Modem faulting is not excluded from these 
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factors; it may therefore be introduced wherever it is demanded by 
good evidence. Without the aid of modern faulting, compound ero- 
sion cannot account for the forms that certain of the higher Basin 
ranges possess. No combination of deformations and erosions from 
which strong modem faulting is omitted can produce strong ranges in 
close relation to broad intermont basins, such as I have seen in the 
House range of Utah and the Stein mountains of Oregon, to say noth- 
ing of various smaller ranges or of the long Wasatch range on the 
eastern border of the Great basin. 

The attribution of specific dates and values to a compound series of 
processes, in order more fully to explain the observed details of moun- 
tains structure and form, may be regarded as a refinement of geo- 
logical and physiographical study corresponding to that which is 
made when qualitative work in chemistry is carried forward to the 
quantitative stage. It is this refinement that in my opinion places 
Gilbert's discussion of the Basin ranges in advance of Spurr's. 

Frequent mention has been made in the preceding pages of uplifted 
mountain blocks. One member of our party expressed some dissent 
from the view of problem thus implied, and preferred to regard the 
mountains as relatively quiescent areas, and to regard the intermont 
troughs as depressed ''graben." As far as the locally observed facts 
are concerned, it would be difficult to make absolute choice between 
these two alternative forms of statement and the processes that they 
represent. The only safe statement appears to be that differential 
movement has taken place. Any sort of dislocation that satisfies this 
requirement deserves consideration. The whole region may have been 
uplifted, the mountain blocks more than the trough blocks; the whole 
region may have been depressed, the trough block more than the moun- 
tain blocks; the mountain blocks may have been uplifted while at 
least some of the trough blocks stood still; the trough blocks may 
have been depressed while at least some of the mountain blocks 
stood still; the mountain blocks may have been uplifted by various 
amounts and the trough blocks depressed by various amounts. 
Until some sufficient means for discriminating among these various 
possibilities are gained, it seems best to maintain an open mind re- 
garding all of them. The meaning of "uplifted block," as here used, 
is therefore simply that the block is now exposed to deeper erosion 
than it was before the " uplift " took place. 

There are certain features of the region described in these pages 
that stand forth in my memory of the excursion as of particular inter- 
est and value. One is the maturely dissected landslide on the western 
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side of the maturely dissected Canyon range; this is a sort of curiosity, 
not of compulsory value regarding block faulting, yet quite compatible 
with such an origin for the range, and not reasonably connected with 
any other origin. Another is the oblique course of the scarps on the 
back of the Sawtooth mass; these are not conspicuous features and 
their full meaning was not recognized at first; but it gained increasing 
force the more they were considered. The tamer forms of the sub- 
dued ranges west of Nephi and beyond the Tule flats should not be 
forgotten, for they are useful foils to the stronger forms of the higher 
ranges. But pre-eminent above all the rest are the obliquely trun- 
cated mountain fronts of the Nebo Wasatch north of Nephi, and of 
the Sawtooth mass in the House range. The diagrammatic manner 
in which the hard and soft strata in the monocline of the Nebo 
Wasatch, figure 4, are cut off at the mountain base, with the modem 
fault scarp at the foot of the facetted spurs and the recent small land- 
slide where the base line crosses the weakest layers, give this example 
the rank of a standard type for its class. Yet no less important are 
the corresponding but more maturely sculptured features of the Saw- 
tooth escarpment, figure 22, in the House range. This is beautifully 
seen from the highest Bonneville beach on a fan opposite the ravine 
that has undercut and sharpened the Sawtooth clifis, and although 
thus seen only during a short rest on a hot day in the desert, the 
mental picture of it remains as a distinct and greatly prized memory. 



EXPLANATION OF PLATES. 

Plate 1. 

A. Facetted Spurs at the western base of the Spanish peak Wasatch range. 

B. Lookng north from near Oak city along the western side of the Canyon 

range, to the great landslide in the middle distance. 

Plate 2. 

A. The intrusive granites in the western escarpment of the Sawtooth 

mass, House range. 

B. Painters ravine in the intrusive granite of the Sawtooth mass. 

Plate 3. 

A. Looking north to the southern end of the SmoothbackJ^escarpment. 

The notch followed by the southern road is in the center; dis- 
placed strata are seen at the base of the escarpment on the left. 

B. Sills of intrusive granite among the lower members of the stratified 

series, south of Painters ravine, western face of the Sawtooth mass. 
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Introduction. 



In the summer of 1904 the writer spent five weeks in the Black Hills 
and Bighorn Mountains, as a member of the Harvard Summer School 
of Greology under the direction of Professor T. A. Jaggar, Jr. About 
two weeks were spent in investigations of a general nature, while the 
remaining time was devoted to the study of a special problem in the 
two fields indicated. The portion of the Black Hilb studied (Plate 
2) is roughly twelve to fifteen miles in diameter and has for its center 
a point on Boulder Creek about four miles northeast of Deadwood. 
The Bighorn district (Plate 4) occupies the front slope and foot-hills 
of the eastern flank of the mountains, in the immediate vicinity of Big 
Goose Creek and about fifteen miles southwest from Sheridan, Wyo- 
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ming. The problem selected was of such a nature that its study 
could be pursued profitably in both regions. The results of the in- 
vestigation are embodied in the following pages. In the preparation 
of the paper I have been greatly aided by the use of specimens, maps, 
and other data, kindly placed at my disposal by Professor Jaggar. 

The Problem Outlined. 

• 

In both districts, high above the present water courses, occur exten- 
sive deposits of gravels that are apparently of fluviatile origin. In 
some cases their distribution suggests that they have been laid by the 
streams of today, before the latter cut to their present depths; but in 
other cases the gravels are so disposed that they bear little relation to 
the channeb of the water-ways now found in the region and show that 
considerable changes of drainage have taken place since they were 
deposited. The slopes of many of the valley sides indicate more than 
one period of incision. The upper slopes are fairly gentle and seem 
to be related to the high level gravel deposits and to certain abandoned 
saddles in the divides, which appear to be of stream origin. The 
lower slopes are steep, often precipitous, and descend to the beds of 
the present creeks. There are numerous sharp bends in the courses 
of the streams of today, together with abandoned gateways and chan- 
nels. There is, moreover, a significant defiance of structure in some 
places, while near by a high degree of adjustment has been attained. 

The problem may, then, be stated interrogatively thus: What was 
the character and direction of the drainage that deposited the gravels ? 
What changes have since taken place? How and in what order did 
they occur? 



Methods of Work. 

For the solution of this problem the writer has had recourse to both 
field and laboratory methods. In the field the gravels were mapped; 
their altitudes were determined at numerous places by means of an 
aneroid barometer, and specimens of the pebbles were collected at 
representative localities. The slopes of the valley sides were studied 
and their relations shown by sketches. The elbows of capture were 
visited and an attempt was made to work out their history. 

In the laboratory the specimens from the Black Hilb, numbering 
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over two hundred, were examined and classified according to tj^e, 
as, for example, Algonkian quartzite, Cambrian quartzite, and quartz 
porphyry. Representatives of each type were compared with trimmed 
and labelled specimens collected by Professor Ja^ar and Mr. Bout- 
well in 1898-9. Possible sources of each type were thus determined. 
In a number of cases the identification of a pebble was difficult or 
uncertain because of weathering and discoloration. In a majority of 
instances, however, the pebbles were identified with a considerable 
degree of certainty. The sources thus found were entered upon the 
map (Plate 1) as green rectangles and were connected by green lines 
with the localities at which the respective pebbles were collected.* 
In this way several important facts were brought to light which wiU 
be discussed in a later section. A separate map (Plate 3) was also 
made on which were platted the altitudes of the different portions of 
the gravels. 

No such maps were constructed for the Bighorn region, since, for 
reasons that will appear later, no attempt was made to follow out the 
courses of the streams that deposited the gravels. 

The Black Hills District. 

The Gravels. Character and Distribution. At many places in 
the Black Hills, both within and without the region under discussion 
(Figure 1), occur patches of gravel and boulders, sometimes a hundred 
feet or more in thickness. The pebbles consist of well rounded frag- 
ments of quartz, schist, sedimentary rocks, and porphyries, which have 
an average size of one to three inches, while boulders six inches and 
even a foot in diameter are not uncommon. They occupy broad val- 
leys, saddles on the divides, and patches on the shoulders of the valley 
sides far above the present streams. Their distribution in this region 
is indicated on the map (Plate 1). The main gravel body lies in 
Boulder Creek valley, where the graveb range in thickness from fifty 
to one hundred feet. In Boulder Park proper they are veiy thin and 
the underlying strata (Minnekahta limestone or Spearfish Red Beds) 
frequently appear at the surface. Indeed it may be questioned 
whether the deposits there foimd are of the same age as the main 
gravel body or only later, resorted gravel. From the comparatively 
uniform size and character of pebbles found in different parts of the 

A The colon were not reproduced in the plate and for simplicity some of the lines were 
omitted. 
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Park the writer is inclined to the belief that they are thin residual 
patches of a larger mass that once covered that entire area. South- 
east of Boulder Park are two patches of gravel that extend toward it, 
while farther to the southwest are gravel areas, mapped by Professor 
Jaggar, which lie on the general divide between Bear Butte and Park 
Creeks. Other patches mapped by him lie northwest of De«dwood 
and illustrate veiy well the characteristic habit of occurrence on the 
present stream divides. The arrangement of gravel areas, thus 
indicated, is suggestive of a former trunk stream, flowing east-north- 
east, with branches from the west and south. 

The northward extension of the main gravel body makes a distinct 
inclination eastward at the head of Crook valley and reaches well up 




Fig. 1. Index map of Black Hills district. 



on the flanks of the anticline, which forms its eastern side. Farther 
to the northwest there are two patches of gravel on the sides of Crook 
valley near its junction with Whitewood Creek, while other significant 
patches occur on the shoulders of Whitewood valley three miles west 
of Crook Moimtain. These smaller gravel deposits, together with 
the eastward extension of the main body, already noted, have an 
important bearing on the story of capture, which forms so interesting 
a chapter in the drainage history of the region. 

Sources. It will be seen from the map (Plate 1) that possible sources 
of all the types of pebbles found lie Avithin the present drainage basins 
of Whitewood and Bear Butte Creeks. It is not necessary, therefore, 
to extend the limits of the ancient drainage area. The lines on the 
map that diverge from a numbered locality show the direction and 
range of sources from which its pebbles were derived. The data at 
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hand do not justify any quantitative statement as to the percentage 
of pebbles from any given source or direction, for it cannot be assumed 
that the collection with which comparison was made represents all 
the sources of a given type in this region. Nevertheless the divergence 
of the lines from every numbered locality toward the southwest is very 
striking and indicates that the ancient stream, which deposited the 
gravels, had its headwaters in the southwest, toward Terry Peak 
region and maintained a somewhat northeasterly course in much the 
same manner as do the present Whitewood and Bear Butte Creeks. 

While the drainage basin and direction of discharge remain practi- 
cally the same, the lines along which that discharge takes place are 
not identical with those of the ancient drainage. Bear Butte and 
Whitewood Creeks are now separate streams and the latter, instead 
of flowing through the broad ancient valley, occupied by the main 
gravel body, has been offset to a nearly parallel course about two 
miles northward. Some record of these changes is furnished by 
the gravels. At locality 16 (Plate 1), a little patch on a shoulder of 
Whitewood Creek three and a half miles below Deadwood, is found, 
in addition to the usual types of the main deposit, a peculiar spotted 
amphibolite, which has a possible source in the canyon of a small 
tributary of Whitewood Creek, about two miles south-southeast of 
Lead. ' At locality 9, farther down stream, all the characteristic types 
of locality 16 appear in the more recent alluvial deposits, and, in 
addition, a green porphyry similar to that described by Irving (p. 248) 
as quartz-aegirite porphyry. This does not occur at any of the other 
localities visited by the writer. The records of these two localities are 
successively more recent than that of Boulder Creek valley, since 
they represent successively deeper stages of incision of the head- 
waters of Whitewood Creek and its tributaries. Moreover their posi- 
tion with reference to the main gravel deposit and the course of the 
present stream is highly significant and gives strong evidence of cap- 
ture and diversion first northward, then eastward. 

Altitudes, In the process of mapping the gravels numerous measure- 
ments of altitude were made with an aneroid barometer. The cor- 
rected readings do not agree very closely with the elevations as given 
by the contour lines on the topographic map and have little absolute 
value. Nevertheless a comparison of the readings with each other 
is instructive, in that it brings out the direction of slope of the upper 
surface of the gravels and gives a basis for estimating that slope in 
feet per mile. It shows, also, the relation of the isolated patches, 
already mentioned, to the main gravel body. From the map (Plate 
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3) it will be seen that the surface of the 
latter slopes from an elevation of about 
4,750 feet at the west to an elevation of 
about 4,350 feet at the northeast, seventy 
or eighty feet per mile. The altitudes 
thus add confirmatory evidence to that 
furnished by the distribution and sources 
of the gravels, with reference to the direc- 
tion of the trunk stream. Moreover the 
altitudes of the two gravel patches south- 
east of Boulder Park, 4,425 and 4,450 feet 
respectively, are such as to favor the hypo- 
thesis of a tributary stream from the 
south. 

The altitude of the gravel patches 
northeast of Crook Mountain, 4,290 feet, 
suggests that the main stream turned 
northward through the synclinal Crook 
Valley; but the eastward inclination of 
the main body at the head of the valley 
seems to indicate that the earlier course 
of the stream was directly east-northeast 
to the plains. These gravel patches may 
therefore represent a later diversion of 
the stream, by capture, through Crook 
valley. 

The altitude of the gravels at locality 
16 (Plate 1) is nearly three hundred feet 
lower than the surface of the main body 
at its western end. The slope between 
the two places is a little over one hundred 
feet per mile, a considerable steepening of 
the grade over that of the main body in 
its east-northeast direction. Here again 
the evidence confirms that already fur- 
nished by the distribution and sources of 
the gravels with reference to the capture 
and northward diversion of the main 
stream. 

Terraces and Slopes. In Boulder 
Creek valley two terrace levels may be 
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traced in the aDcient grsvels, 
the lower perhaps fifty feet 
below the higher. Both tei^ 
races may be cleariy seen on 
the south side of the valley 
but the lower terrace is not 
30 evident on the north side. 
The observer who stands on 
the north side of the valley, 
opposite Pillar Peak, may 
see the top line of the upper 
terrace stretching east and 
west, almost unbroken. The 
lower terrace level is less per- 
fectly preserved but it may 
be traced along the hill-tops. 
The slopes ascending from 
the upper terrace are not very 
steep and break above into 
more gentle grades at a fairly 
well defined shoulder. The 
tributary streams, such as 
Two Bit and Pedee, have 
broad, V-shaped valleys that 
exhibit thb feature veiy clear- - 
ly. Above the higher, more 
gentle slopes occur residual 
knobs, such as the rocky sum- 
mit of Pillar Peak. The 
ancient valley, of which the 
upper terrace formed the 
floor, is broadly open, has 
gende slopes and relatively 
straight sides, features indica- 
tive of late maturity. This 
valley, however, has appar- 
ently been incised and opened 
in the floor of a still more 
ancient valley, for the shoul- 
der, above indicated, points 
to more than one period of 
indsion. The more gende 
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slopes of the earlier valley show that it must have reached a more 
advanced stage of development before revival than the later one 
has since attained. The slopes produced by the dissection and pene- 
tration of the terraces by the present streams are steeper than those 
above noted. They bear every evidence of youth and represent a still 




K 



Fio. 4. Whitewood Creek looking southwest from a point half a mile below the 
g west end of the gravel terrace. 



more recent stage in the history of Boulder Creek valley. These 
features are illustrated in Figure 2. 

In Whitewood Creek the lower terrace is not easily recognized but 
the upper terrace level may be seen extending southwest beyond 
Deadwood along the lower shoulders of the valley. Figure 3 repre- 
sents the view in that direction from a point on the east side of White- 
wood Creek just below the west end of the main gravel body. In it 
the terrace and the older valley sides, with the characteristic shoulder 
above, may be clearly seen. White Rock is a rather sharp-featured 
residual, but in the main the upper topography is subdued. I^ater 
incision has produced a steep-sided gorge, which is better shown in 
Figure 4, where the more gently sloping spurs of the older valley are 
truncated at about the terrace level. The latter may be traced down 
Whitewood Creek along the shoulders of the later gorge. On these 
shoulders lie the patch of gravel at locality 16 (Plate 1), already de- 
scribed, and a similar patch on the opposite side of the valley, mapped 
by H. G. Ferguson. The older Whitewood valley, in which the pres- 
ent gorge has been cut, was not so broadly opened as the ancient 
Boulder valley, and, since the rocks and structures in which both are 
cut are essentially the same, it may be inferred that less time was 
consumed in its excavation. 
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Stream Elbows. Bear Butte Creek — Botdder Park. At the point 
where Bear Butte Creek enters Boulder Park it makes a rectangular 
bend northeastward, turning from a course across the strike of the 
rocks to one that follows the structure closely. The two patches 
of gravel just east of the bend have an elevation consistent with that 
of the main gravel body. 

Boulder Park — Crook VaUey. At the northern part of Boulder 
Park the main gravel body makes the eastward inclination already 
noted and points toward Uie wide gap in the outer hog-back ridge, 
now occupied by Spring Creek. The stream, which now drains 
Crook valley, is excavated in the weak strata of the Red Beds, which 
are here folded into a narrow syncline, and makes nearly a right angle 
with the direction just indicated. Moreover the gravel patches in 
Crook valley are fifty to one hundred feet lower than the elevation of 
the main body at the head of the valley. Here the evidence corro- 
borates that already cited and points to the former continuation of the 
main stream through Spring Creek Gap and its later diversion north- 
ward through Crook valley. 

Whiievxxxl Creek, (a) The continuation of the high-level White- 
wood valley beyond the west end of the graveK terrace has already 
been noted. The course of that valley makes a large angle with that 
of the ancient stream as shown by its gravel deposits. 

(6). Three and a half miles below Deadwood, Whitewood Creek 
makes a rectangular turn eastward; but the high-level valley continues 
on for half a mile and ends at a saddle in the divide, which overlooks 
the Red valley and has been tunneled by the railroad in its escape 
from the gorge. The direction of the valley, however, b continued 
by an insignificant stream which drains into the Red valley. Just 
below the bend occur the two patches of gravel at locality 16 and across 
the canyon (Plate 1). 

Sandy Creek. Sandy Creek joins Whitewood Creek at a rectangular 
bend a mile and a half west of Crook Mountain. The eastern limb 
of the bend continues the valley of Sandy Creek northwestward for 
neariy a mile. There the stream turns abruptly northeastward again; 
but a broad high-level wind gap occurs on the west side of the gorge, 
two hundred feet above the present creek, and beyond, in the same 
northwesterly direction, a small stream flows into the Red valley. 

Spiegel* 9 Oap. On the northwest flank of Crook Mountain there 
is a beautifully symmetrical V-shaped gateway, in the Minnekahta 
limestone, the arms of which rise in an escarpment four hundred feet 
above the level of Whitewood Creek. The stream that carved it un- 
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doubtedly had a radial course from off the mountain dome. Now 
the drainage through the gap is in the opposite direction. A little 
stream, working on the face of the escarpment, has appropriated the 
gap and has cut back sufficiently to divert the headwaters of a small 
stream in the Red valley and to lead them by a shorter course through 
the gap into Whitewood Creek, while the beheaded portion continues 
on its longer, gentler course outside the escarpment and joins the same 
stream two miles below. 

Present Stream Courses. In Boulder valley the present stream 
courses bear little relation to the broad, ancient excavation, which 
they partly occupy. Insignificant streams flow both east and west 
from a divide established near the west end of the main gravel deposit 
They are busily engaged in dissecting the terraces and entrenching 
themselves in the firmer rock beneath. 

Elsewhere in the district the stream courses are in the main well 
adjusted to structures and notably follow the strike of the rocks. 
Whitewood and Bear Butte Creeks, the two master streams of the 
region, give clear evidence of superposition from superior strata since 
removed. Just below the town of Crook, Whitewood Creek cuts 
across a pinched anticline, not at its lowest point but nearly half a mile 
southeast of it, thereby severing the shoulder of the anticline from the 
main mass. Four miles farther southeast. Bear Butte Creek cuts 
through the same arch in a splendid goi^, five hundred feet deep, on 
the sides of which the anticlinal structure appears with almost the 
symmetry and beauty of a rainbow. None of the streams above 
noted have yet graded their valleys, though in some instances graded 
reaches have been established. 

Summary of Field Evidence. An ancient stream, with possible 
tributaries from the west and south, flowed in a general east-northeast 
direction through Boulder valley with a slope of seventy or eighty 
feet per mile. Its sources were in the Terry Peak region and its 
drainage basin was probably equal to those of Whitewood and Bear 
Butte Creeks combined. There b good evidence that the predecessor 
of Bear Butte Creek joined the main stream, as a tributary, at Boulder 
Park and that it was later diverted northeastward by capture. If, 
however, such capture took place, it must have occurred previous to 
the conditions which permitted the incision of the present gorges; 
for Bear Butte Creek has been superposed on the anticline east of 
Boulder Park and now cuts through it in a fine gorge. The depth of 
the gorge, five hundred feet, is considerably greater than that of 
the later portion of Whitewood canyon, two hundred and fifty feet, 
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and there are no well defined shoulders on its sides. Probably the 
greater depth may be accounted for by the fact that Bear Butte Creek 
has a more direct course to its junction with Belle Fourche River and 
delivers its water at a lower level than is the case with Whitewood 
Creek. 

The trunk stream probably had its original course directly outward 
through Spring Creek gap to the plains; but.it was diverted north- 
ward at Boulder Park by a stream working in the soft strata of Crook 
valley. In this case, as in that of Bear Butte Creek, the capture 
must have taken place before conditions permitted incision; for 
the ancient stream, which would thus have become superposed on 
the anticline, did not have an opportunity to make any definite ex- 
cavation in it. At this time the lower terrace in Boulder valley was 
cut to a level corresponding with the altitude of the gravels in Crook 
valley. 

A second diversion northward occurred at the west end of Boulder 
valley, two miles below Deadwood. This time the stream was led 
on a somewhat steeper grade through the abandoned saddle, near 
locality 16, across or into the Red valley. Boulder valley was then 
permanently abandoned and its gravels formed a relatively broad 
and 'flat plain. 

Meanwhile a stream, that had been working along the strike of the 
rocks north of Whitewood Peak, succeeded in undercutting and 
diverting a third time the main stream, which was then flowing north- 
ward. The sharp bend eastward near locality 16 was thus produced 
and Whitewood Creek probably then assumed the course it holds 
today. The history of the creek below this bend is, however, not 
simple. The stream that made the capture was not a single sub- 
sequent stream that by its own unaided endeavor succeeded in working 
back sufiiciently to undercut the other. Probably it was composed 
of sections of at least two, and possibly several streams, whose north- 
east-flowing parts coalesced through successive captures. It seems 
certain that Spiegel's Gap was cut by a stream that flowed from off 
Crook Mountain dome and was diverted by a subsequent stream, 
working in the soft strata at the base of the escarpment. Likewise 
Sandy Creek, in its earlier history, probably flowed outward into the 
Red valley and was later diverted in a similar manner. There are 
also two or three streams from Whitewood Peak, whose subsequent 
branches may have taken part in the formation of the stream that made 
the capture, but their relations have not yet been worked out. 

All of the captures described above appear to have taken place when 
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the streams were flowing at the level indicated by the shoulders along 
the top of the recent gorges. The fact that the result of the various 
captures has been to produce a master stream that flows northeast- 
ward, together with the fact that the master stream has been able to 
hold its own, in spite of superposition below Crook upon anticlinal 
structures, suggests that the conditions which permitted this piracy 
resulted from a tilting of the region toward the northeast. 

A later uplift, or an acceleration of the earlier tilting, has caused 
the incision of the recent gorges and brought about the dissection and 
partial removal of the gravels. With the exception of the reversal 
of drainage at Spiegel's Gap, little change has been made in the ad- 
justment already reached when the later movement began. 

Discussion of the Literature. Origin of the Gravels. Newton 
and Jenney in their report (p. 44) recognize the Post-Tertiary age of 
the gravels. Darton in more recent investigations (a, p. 545) believes 
them to be of Pleistocene age, for he finds them in occupation of 
valleys cut in the White River deposits (Oligocene). Portions of the 
gravels he recognizes as being of stream origin; but he seems to think 
that those of the Red valley and outer portions of the hills are old 
lake deposits, for he s])eaks of the "old shore line" of the Pleistocene 
period as "carved mainly on the limestone slopes," while "to the east- 
ward the earlier Pleistocene plain abuts against the slopes of the 
Lakota sandstone of the hog-back ridge, excepting where it extends 
out to the plains through wide, high gaps not now occupied by water 
courses." Crosby (p. 576) and Jaggar (a, p. 182) have also written 
with reference to the origin of the gravels. All the writers cited, 
except Crosby, express a belief in the stream origin of at least a portion 
of the gravels. 

The latter argues that the gravels in question are the residual ac- 
cumulations of thick layers of Tertiary sediments, from which the 
finer materials have been removed. Against this view the following 
facts may be advanced: (1) the distribution of the gravels is consistent 
with the arrangement of former drainage lines; (2) sections of the 
gravels often show them resting in stream-carved notches; (3) the 
slopes bordering the upper terrace level in Boulder valley appear to 
have the simple relation of valley side and aggraded floor; (4) certain 
patches of gravel, such as that of locality 16, are closely related to 
the upper valley slopes on which they lie; (5) if the gravels were 
residual accumulations, one might expect to find a larger percentage 
of cherty and concretionary forms than actually occurs. 

Qvatemary Lake (f). Jenney (p. 296) and later Darton (a, p. 
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^5) speak of the outer gravel deposits as possibly of shore formation. 
The former (p. 298) thinks it "almost necessaiy to assume the occur- 
rence of an extensive lake surrounding the Hills during the Quater- 
nary period, when boulders resulting from erosion were transported 
by the agency of floating ice to the places where they now are found." 
Even granting the assumption that the boulders were transported by 
floating ice, it does not seem to the writer necessary to hypothecate a 
lake to float the ice blocks, since in the spring season of high water 
large streams would be able to transport ice cakes of considerable size 
great distances. So far as his observations have gone all the facts of 
distribution seem well explained by the hypothesis of stream washing. 
No wave-cut benches or cliffs were observed by the writer and none are 
definitely described by either Jenney or Darton. The deposits seem 
to have extended a considerable distance eastward and also south- 
ward and westward; for Darton finds them capping portions of the 
Big Bad Lands and also lying on slopes adjoining Cheyenne River 
and Beaver Creek valleys (a, p. 547). He refers to them, however, 
always as gravels and does not suggest any gradation, such as might 
be expected in lacustrine deposits of great extent, into finer and more 
uniform deposits (Davis b, p. 352). Moreover he does not delimit 
the lake in any way, except by the general reference to the Pleistocene 
shore-line already quoted. 

Question of Uplift, According to Darton (a, p. 558) the Black Hills 
dome was uplifted and truncated in early Tertiary time so that the 
larger topographic features of the region were developed before the 
deposition of the White River beds. A good idea of the degree of 
truncation may be obtained by consulting his sections (a, p. 550; see 
also c, the Newcastle folio). He speaks of widespread planation of 
the Tertiary deposits during the early Pleistocene period, of the revival 
of old valleys and the rearrangement of drainage on the east side of 
the hills, due to an increased tilting to the northeast during the late 
Tertiary uplift. In evidence of this last he cites the offsetting of Pre- 
Oligocene valleys northward through canyons of Post-Oligocene age, 
while saddles mark the previous courses of the valleys. He further 
states that some of the offsetting in the present drainage has been 
largely increased by early Pleistocene erosion and recent stream rob- 
bing and that there appears to have been further uplift in late Pleisto- 
cene time, *'for the present valleys below the level of the earlier 
Pleistocene high level deposits seem to be cut deeper than would 
result simply from the natural progression of a lower plane of base- 
levelling up the Missouri and Cheyenne Rivers." 
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On the other hand Johnson (p. 62^-631) in a study of the Great 
Plains comes to the conclusion that both the construction and dissec- 
tion of the heavy gravel deposits that constitute the upper members 
of the sedimentary series in those regions may be explained as the 
result of climatic oscillations without the aid of crustal movements. 
He argues that since the streams of the Great Plains have cut through 
the covering gravek to the old topography beneath and are there 
showing a tendency toward planation, the former inclination of the 
surface was not materially different from the present; or, if at all, it 
was probably greater because there is no indication that the earlier 
streams reached grade; hence it is unlikely that deformation could 
occur and yet permit the return of substantially the original conditions. 
He suggests a possible correlation of the changes in the Great Plains 
area with the different stages of the Quaternary Lakes of the Great 
Basin region and cites as evidence of the quiescence of Pleistocene 
times the general parallelism of the former lake shores. 

The question is thus raised whether the modifications of Black Hills 
drainage and topography in Pleistocene and Post-Plebtocene times 
may not be explained as the result of climatic oscillation rather than 
of uplift. On the assumption of a constant base level changes of 
climate from less to greater relative humidity, and the reverse, would 
produce corresponding changes in the activity of streams, the former 
condition resulting in degradation, the latter in aggradation. 

If, as Darton states, the larger topographic features of the region 
were developed in Pre-Oligocene time, it is probable that the broadly 
opened ancient valley of Boulder Creek was of Pre-Oligocene origin 
and that it was revived in the early Pleistocene period of erosion and 
aggraded to a level somewhat lower than the shoulder that marked 
the level at which Post-Oligocene incision began. Figures 2 and 3 
represent the shoulders carved at this time on the slopes of Pillar Peak, 
White Rock, and other hills. This revival and subsequent aggrada- 
tion may be explained by either of two hypotheses or by a combination 
of both: (1) uplift followed by subsidence; (2) climatic oscillation. 
In the absence of positive evidence of uplift or subsidence in connec- 
tion with the revival and aggradation of Boulder valley and in the 
light of Johnson's work on the Great Plains and the work of Gilbert 
and Russell on the Great Basin area, it seems wiser to assign these 
early changes to climatic oscillations, since it is very generally believed 
that such oscillations occurred within the period to which these changes 
are referred. 

The "offsetting of Pre-Oligocene valleys northward through canyons 
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of Post-Oligocene age" occurred after the completion of the aggrada* 
tion stage, for 'the abandoned saddles and gravel patches are asso- 
ciated with the upper level of the gravel deposits. These changes 
could not therefore have been the result of late Tertiary uplift or tilting, 
as suggested by Darton. They were probably initiated by the con- 
ditions that produced the second period of incision. The "recent 
stream robbing" seems to the writer to be but the uniform continuation 
of the "offsetting" just discussed, for his observations show that all 
the larger captures at least, in the Boulder-Whitewood Creek region, 
took place before the later gorges were cut, and that the altitudes of 
the saddles and gravel patches are all related to the upper, more gentle 
slopes of the valley walls. The persistent offsetting of drainage, in 
such a manner as to develop northeast-flowing master streams is not 
satisfactorily explained by climatic oscillation alone and appears to 
indicate northeast tilting. It seems hardly probable that Whitewood 
Creek, for example, could retain its supremacy and trench the anti- 
cline on which it has been superposed, had not its direction coincided 
with that of tilting. That the tilting began rather slowly and was 
later accelerated seems to be indicated by the contrast in the slopes 
of the valley sides of earlier captor streams, such as the one which 
diverted Whitewood Creek from its Boulder valley course, and the 
streams of the present gorges. In the former case the valley sides are 
flaring, while in the latter incision has been so rapid that the slopes 
are generally precipitous. 

The argument here set forth lends support to the view that Post- 
Oligocene incision began as the result of a gradual increase in relative 
humidity and that the later aggradation, by which the Pleistocene 
gravels were deposited, was occasioned by a return to more arid cli- 
matic conditions. Minor oscillations within each of these periods 
may have occurred but no evidence bearing on that side of the question 
is now at hand. In later Plebtocene times a gradual northeast tilting 
produced a second incision which was accompanied by extensive 
readjustments of drainage and was later accelerated so that steep- 
sided gorges were produced. This view does not appear to be incon- 
sistent trith Johnson's conclusions with regard to the Great Plains 
region, for it is entirely possible that differential uplifts in former 
areas of disturbance like the Black Hills and Bighorn Mountains 
might die out rapidly in the region of the Great Plains, in which case 
the ensuing destructive and constructive effects would die away also. 
Moreover the lake shores of the Great Basin, to which Johnson appeals 
in support of his theory of climatic oscillation without crustal move- 
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ment, have been shown by Gilbert (p. 366) to be no longer level. 
Some features noted in the Bighorn Mountains, which bear on the 
same point, will be discussed Isi^er. 

In a recent paper Darton (d, p. 22) states that the river valleys of 
the Great Plains are now being built up rather than deepened. 

Development of Drainage. Jaggar (a, p. 186) estimates the amount 
of Pre-Oligocene erosion at 6,000-8,000 feet. He thinks that during 
this process dome structures, which were not apparent at the initial 
surface, were gradually revealed and exercised an important influence 
upon the streams. After describing the drainage of several laccolithic 
domes he summarizes their erosion stages as follows (a, p. 276-7) : 
''The cases cited show that laccolithic domes deflect regional master 
streams, and that subordinate drainage conforms strikingly to the 
relative resistance of rocks exposed. An early stage produces a dome- 
shaped hill with radial drainage. One radial stream gains advantage 
over its fellows and eats out the central portion of the dome to a soft 
stratum beneath. The outward dipping hard beds are undermined 
and drainage formerly radial outward becomes radial inward; a former 
mountain becomes a quaquaversal basin, inclosed by a horseshoe 
ridge. Recession of this ridge and continued erosion on the soft bed 
omcovers an arch of harder rock. Monoclinal shifting on the soft bed 
becomes easier than deep cutting into the dome, so the flanking beds 
are eroded down and a new radial drainage forms with two pronounced 

encircling streams The alternations from domical mountain to 

horseshoe-shaped ridge will continue under the erosive action of 
changing subordinate drainage until the porphyry is reached. Here 
monoclinal shifting is no longer possible, owing to lack of monoclinal 
structure." 

In his discussion of Crook Mountain Ja^ar (a, p. 272), expresses 
his strong inclination to the belief that Whitewood Creek was super- 
posed upon the mountain from a position stratigraphically higher and 
unaffected by doming, and dtes as evidence the apparent deflection 
of the stream from its course by the mountain. That monoclinal 
shifting of streams on the dome in question has had much to do with 
the present arrangement of drainage in that region the writer has 
little doubt. In fact it seems highly probable that Sandy Creek and 
the stream which now drains Crook valley ori^nated as radial streams 
on Crook Mountain, before the Minnekahta limestone capping had 
been removed, and by shifting downward along the dip of the hard 
limestone rapidly cut their way in the soft Spearfish Red Beds. Prob- 
ably, too, what may be called the lower Whitewood Creek and the 
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stream that carved Spiegel's Gap ori^nated in a similar manner, cut 
through the hard Minnekahta limestone and excavated the weaker 
strata beneath. At this time there could have been no master stream 
flowing along the west flank of the dome, else Sandy Creek and the 
Spiegel's Gap creek would have joined it and would not have carved 
for themselves gateways outward to the Red valley. Field evidence 
suggests that this portion of Whitewood Creek has been formed by 
the coalescence of subsequent branches of several streams, through 
successive captures, and shows that the main stream has been diverted 
from a northerly course at the elbow three miles west of Crook Moun- 
tain. The present summit of the dome stands nearly five hundred 
feet above the level at which this capture occurred. At the time of 
the capture Crook Mountain must have already become a considerable 
eminence and superposition of Whitewood Creek upon it was there- 
fore impossible. The apparent deflection of Whitewood Creek by 
Crook Mountain seems to the writer to be best explained as a response 
to structure by the development of a subsequent stream along the 
strike of weak beds. Where the strata bow outward around the moun- 
tain, there the stream following the strike bows outward also. 

Conclusion. From a study of the field evidence and an investiga- 
tion of the literature, the following drainage history may be outlined 
for the region under discussion. By the increase of relative humidity 
which accompanied the close of the Tertiary period, the Pre-Oligocene 
Boulder valley was revived, and, during the prolonged erosion of 
early Pleistocene times, it was broadly excavated. Later, by the 
return of more arid climatic conditions, it was aggraded to the level 
of the higher terrace. At that time its stream was probably joined 
by the predecessor of Bear Butte Creek and other tributaries and 
held its course east-northeast to the plains through the Spring Creek 
gap. At that time, too. Crook Mountain dome, already sufficiently 
uncovered to influence drainage, was sending radial streams in many 
directions. As a result of the northeast tilting, which followed the 
aggradation period, those streams which had northeasterly courses 
were given an advantage over their fellows and were allowed to cut 
more rapidly. Such a stream, working backward into Boulder Park, 
diverted the Bear Butte tributary. A similar stream, originally 
radial on Crook Mountain, found monoclinal shifting more easy than 
deep cutting. It accordingly shifted down the east flank of the dome 
and, by working rapidly headward through the soft Red Beds, diverted 
the main stream through Crook valley. The stream that made the 
next capture, two miles below Deadwood, was also favored by having 
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a northeasterly course. The third capture, west of Crook Mountain, 
was eflFected by a subsequent stream probably formed by the coales- 
cence of several streams, which by monoclinal shifting had become 
annular with reference to Crook Mountain and the Whitewood Peak 
laccolith. The order of the steps in the development of this portion 
of Whitewood Creek has not been clearly determined; but the facts 
are probably these: lower Whitewood Creek, formerly radial but 
later becoming annular, diverted the waters of Spiegel's Gap Creek; 
the latter in similar fashion secured the Sandy Creek drainage, 
while Sandy Creek, with the probable assistance of subsequent drain- 
age, developed with reference to Whitewood Peak, succeeded in cap- 
turing the main stream of the region. 

The acceleration of the tilting in later Pleistocene to recent times 
has permitted the incision of the present gorges to the depth of over 
two hundred feet below the former valley floors and has caused the 
superposition of Bear Butte and Whitewood Creeks upon the anti- 
cline east of Crook Mountain. The graveb have been partially dis- 
sected and removed and the reversal of drainage through Spiegel's 
Gap has been accomplished by i*ecent capture. The main drainage 
features, however, have been but slightly altered. 

The Bighorn District. 





Sheridan 



The Graveijs. The eastern flank of the Bighorn Mountains 

(Figure 5 and Plate 4), b 
cloaked with gravels similar 
in some of their aspiects to 
those of the Black Hills. 
These deposits frequently rise 
on the backs of the upturned, 
crescentic masses of Car- 
boniferous limestone toward 
rounded notches in the top 
of the ridge. Some parts of 
their slopes are rounded and 
are suggestive of flat, conical 

!?,« K T«H«^ ™-r. ^# ♦K- ni^*, At •-, * form; but in the main they 

FiQ. 5. Index map OX the Bighorn district. , • . i .. 

make a fairly uniform cover 
of no great thickness, which descends from the lower flanks of the range 
toward the plains and conceals the bevelled edges of the upturned Pei^ 
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mian to Cretaceous strata, except where they have been exposed by 
later erosion. While these gravels cannot be traced along definite 
stream courses, as can those of the Black Hills, it is probable that they 
represent a former piedmont slope, formed by the union of contiguous, 
flat, alluvial cones, such as those described by Davis (b, p. 346). They 
have been deeply trenched by the present streams and numerous sec- 
tions are thereby exhibited in which the unconformity of the gravels 
is clearly shown. The interstream uplands are smooth and regular 
and have a marked, but gentle slope of about five degrees in a direc- 
tion slightly north of east. The gravels consist of rounded and sub- 
angular fragments of limestone, sandstone and chert, white quartz, 
Cambrian quartzite, and breccia, such as might easily have come from 
the strata now exposed along the top and flanks and in the canyons 
of the front rampart of the range. Although granite is abundantly 
exposed in the interior of the mountains at the present time and form 
steep walls for Big Goose Canyon only two miles from its mouth, 
granite pebbles in the gravels are rare or wanting, except that along 
the course of Big Goose Creek, stretching for perhaps one or two miles 
eastward from the mouth of the canyon, there are large, rounded 
granite boulders lying at the level of the gravel deposits, which are 
similar in many respects to those now found in the bed of the creek 
and were probably deposited by it when flowing at a higher level. The 
pebbles of the gravel have an average diameter of from one to three 
inches; but there are occasional boulders five inches to two feet in 
diameter. Although there are abundant evidences of glaciation in 
the interior of the range, ten to twenty miles back from the front 
rampart, such as moraines, scattered boulders, kettles, ponds and 
marshes, there is no definite evidence that the pebbles of the gravels 
in question are of glacial origin. Any scorings or polished surfaces 
that they may once have had, have been removed by weathering and 
only their subangular form is suggestive of glacial deposition. This, 
however, is not conclusive, since torrent pebbles, if not carried far, 
would not have time to become entirely rounded. The gravels were 
not found in contact with Tertiary deposits; but they overlie unoon- 
formably strata as high in the stratigraphic column as the Laramie. 
From their position and character, somewhat analogous to the like 
features of the Black Hills gravels, they may be tentatively assigned 
to the Pleistocene. 

Literature. The literature of the Bighorn region is not extensive. 
The earlier surveys of the western states and territories gave these 
mountains hardly more than a passing notice. G. H. Eldridge con- 
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ducted a reconnoissance in northwest 
Wyoming a few years ago and later 
papers have been published by F. £. 
Matthes, R. D. Salisbury and E. Black- 
welder, and N. H. Darton (b and d). 
Other scattering references were found, 
which are not available at the time of the 
present writing. Scant account is given 
of the gravels in question; for these 
papers are devoted chiefly to the discus- 
sion of other problems. Where the 
gravels are mentioned, they are referred 
to the Quaternary period. 

Slopes. The interfluve* surfaces of 
the gravel deposits appear to be closely 
related to the somewhat gentler slopes of 
the upper portions of the front rampart, 
as though, in a previous period of erosion, 
the mountains had been reduced to a 
lower relief than that of the present and 
the cloaking gravels had been spread 
along their flanks at a faint angle. Now 
both mountain slopes and graveb have 
been deeply incised and shoulders, more 
or less well defined, on the sides of the 
gateways by which the streams emeige 
from the mountains, mark the level at 
which the later cutting began. Succes- 
sive stages in the down-cutting are reg- 
istered in the terraces cut in the gravels 
and the underlying rock. The down- 
valley slopes of the terrace plains are 
steeper than those of the inteiriBuve sui^ 
faces. On the south side of Rapid Creek 
(Plate 4), a comparison of the interfluve 
slope with that of a well-marked terrace 
plain below showed the angle of the 
former to be five degrees while that of 
the latter is ten degrees (Figure 6). 

> A term used by Professor Davis to Indicate the 
uncut portion of a slope between two consequent 

streams. 
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Question of Uplift. As in the case of the Black HUls, the early 
erosion of the Bighorn Mountains, the accumulation of the gravels 
and the subsequent incision of both may be explained by either of the 
hypotheses of crustal movement or climatic oscillation. As regards 
the earlier erosion history, the writer has collected no data in favor of 
either hypothesis; but he has found some evidence which seems to 
indicate uplift, in some form, as a cause of the later incision; and 
that is the relation of the angles of interfluve surface and terrace plain 
slope above mentioned. 

Climaiic OaciUation. If we consider the hypothesis of climatic os- 
cillation we must assume a constant base level. Under such conditions, 
any increase in the cutting power of the stream, permitted by an in- 
crease in the relative humidity of the region, would tend to lower the 
grade and make the angle of slope of the terrace plains AC and AD 
(Figure 7, 1) less than that of the interfluve surface AB. If now more 
arid climatic conditions should return and cause the streams to cease 
degrading and to begin instead a process of aggradation, the ensuing 
changes in the slopes of the terrace plains would be simply the reverse 
of those already indicated and in no case would the slope of a lower 
terrace plain be steeper than that of its neighbor above. It seems 
evident therefore that climatic oscillation cannot be regarded as the 
only cause of the incision noted. 

Crustal Movement. The hypothesis of crustal movement may be 
considered under the several heads of simple uplift, tilting, and warping. 
If the region were to undergo simple uplift as a ri^d body the result 
would be to lower the base level AE to the position GH (Figure 7, II) 
without altering the angle of inclination of the interfluve surface AB. 
Assuming the process of uplift to be sufficiently slow to permit the 
grading process practically to keep pace with it, so that we need not 
consider the retreat of a waterfall in our section, we should find that 
all the terrace plains, such as GC, formed in the down cutting, would 
be steeper than the interfluve surface AB. As uplift slackened and 
ceased, if other conditions remained unchanged, the later terrace 
plains would gradually become parallel with the interfluve surface 
AB, as in GF. Thb supposition accounts for all the observed facts. 

If the region were tilted on an axis shown in section at F (Figure 7, 
III) in such a manner as to make the line AE, which formerly coincided 
with base level, take the position GH, the interfluve surface AB 
would take the less inclined position GC. In order to maintain the 
grade AB, which the uniformity of other conditions here assumed 
would necessitate, the portion of the stream course below the point 
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X would be degraded while that above X would be aggraded. In 
that part of the valley side included in the angle GXA, any terrace 
plain, IX, would have a steeper slope than the interfluve surface GX, 
while above the point X the former surface XC would be cloaked with 
new gravels and no terraces would be distinguishable. In the region 
under discussion there was no tendency toward aggradation. On 
the contrary the streams at all the places noted, even well up toward 
their sources, were uniformly degrading. If aggradation was taking 
place anywhere, it was in lower courses of the streams remote from the 
locality studied. 

If tilting in the reverse direction had occurred (Figure 7, IV), under 
the uniform conditions here postulated, the portions of the stream 
courses above X would be degraded while those below would be 
aggraded and any terrace plain XI in the degraded portion CXB 
would have less inclination than the interfluve surface XC. Here 
again the conclusion is contrary to the observed fact. 

If the region were warped the base leviel would be raised or lowered 
according to whether the genei^l effect on the region in question was 
one of depression or elevation. In the former case, other conditions 
remaining the same, the streams would aggrade their valleys; in the 
latter, the base level AE (Figure 7, V) would be lowered, as in GH. If 
the warping were broad enough to permit all parts of the surface in 
the region under discussion to be raised above its former grade, now 
represented by GD, as in AD, the effect would be similar to that 
already outlined for the case of simple uplift and would agree with 
the observed facts. Degradation would occur all along the line until 
the grade GD was attained and terrace slopes formed in the down 
cutting would be steeper than the interfluve surface. If, however, 
the warping were more local, so that part of the region were sunk 
below its former grade while other parts were raised above it, as in 
AC, the portion AX so raised would be degraded while the other por- 
tion XC would be aggraded. The effect would be similar to that of 
tilting as above noted and would not agree with the observed facts. 

From this discussion it seems dear that climatic oscillation, the 
occurrence of which is not denied, is not alone sufficient to account 
for the phenomena noted; but that simple uplift, or broad upward 
warping, was an important cause of the down cutting. 

Drainage Changes. As a result of this incision various changes 
in drainage have been inaugurated in the region and may be seen in 
active progress. The upturned members of the Permian to Cretaceous 
strata are but poorly protected by the overlying gravels. Subsequent 
streams are accordingly being developed along the strike of the weaker 
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beds. Streams flowing consequent upon the initial slopes of the 
gravels have been and are being beheaded and diverted by the active 
subsequents, while newly formed tributaries, flowing down the steep, 
infacing slope of the upturned, eastward-dipping beds, are following 
a course directly opposite to that of the initially consequent streams. 
Such streams have been termed "obsequent" by Davis (a, p. 134). 
The retreat of what may be called the obsequent slope is uncovering 
lower beds on which new streams are forming, tributary to the sub- 
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Fio. 8. Diagram to iUustrate drainage relations in the Bighorn district. 

sequents and having a consequent direction, though in this case that 
direction has been resumed after an interval in which that portion of 
the slope has been occupied by obsequent drainage. Such streams 
have been named by the same writer (c, p. 629) "reconsequent" or 
"resequent." Examples of some or all of these types of streams are 
to be found at various places along the east flank of the mountains. 
Big Goose Creek. A particularly fine locality (diagrammatically 
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represented in Figure 8), where all are shown, occurs at the mouth of 
Big (xoose Canyon (Plate 4). Big Goose Creek, the master con- 
sequent stream, has carved its V-shaped gateway nearly one thousand 
feet below the shoulder, which marks the junction of the newer and 
older slopes on its valley side (Figure 9) and still rushes, as a foaming 
torrent, over an uneven and bouldery bed. The opportunity thus, 
given for the development of drainage, adjusted to structure, is great. 
The Red Canyon. A subsequent tributary enters the creek from 
the south just after its emergence from the front rampart. This 
tributary, by gnawing headward for a mile and a half along the strike 
of the rocks, has carved for itself in the soft red beds of the Chug- 
water formation (Darton b, p. 397) a deep canyon. The rioh, red 




Fio. 9. The gateway of Big Oooae Creek from the north. 



color of the sandstones and shales, interrupted by white streaks, caused 
by lenses of gypsum, and by a narrow purplish band, due to the pres- 
ence of a thin bedded, fine textured limestone near the bottom of the 
series, is displayed continuously on the east side of the canyon, where 
the wall in many places is almost sheer in its descent, and lends to 
the canyon an appearance of striking beauty. On account of the 
strong monoclinal dip of the strata eastward, there has been mono- 
clinal shifting, concomitant with incision. The shifting began and con- 
tinued for some time along the dip of the thin bedded limestone just 
mentioned; but the limestone has finally been cut through and the 
stream is now working on the weaker red sandstones beneath it. The 
result of the shifting has been to produce on the east side a steep and, 
in places, precipitous wall, while on the west side the slope, stripped 
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of soft beds, coincides with the dip of the limestone, except near the 
bottom, where the latter has been removed and the slope is steeper. 
The subsequent stream in the Red Canyon is working actively, during 
the moister seasons, on a slope of about seven hundred feet to the 
mile and is reaching headward toward Diamond Creek, its next 
consequent neighbor to the southeast. The uncut strip between 
the two streams is scarcely more than a quarter of a mile wide and the 
decapitation of Diamond Creek may be said, geographically speaking, 
to be imminent. 

Beheaded Streams. The threatened fate of Diamond Cieek has 
already overtaken an unnamed, minor consequent, which joins Big 
Goose Creek about two miles and a half below the Red Canyon. The 
diverted portion of the beheaded stream, which cuts rather sharply 
into the mountain side, because of the steeper slope and shorter course 
permitted by the capture, joins the subsequent at nearly a right angle 
and forms, according to the map, the headwaters of that stream; but 
in the field the canyon is seen to be continuing its headward growth 
along the strike of the rocks, ready for further piracy. On the eastern 
rim of the canyon, opposite the elbow of capture, is a well preserved 
rounded notch that gives a sharply defined cross section of the former 
consequent valley, which may be clearly seen, following a somewhat 
irregular course down the slope eastward. This valley was cut by an 
insignificant stream that did not incise its channel deeply; but it is 
worthy of description as a fine example of the class of beheaded con- 
sequent streams, for it is engraved upon the slope with diagrammatic 
clearness. Other minor consequent gulches, originating farther down 
the slope, would not at first sight be considered as members of the dass 
just mentioned; but since ground water, which might otherwise con- 
tribute to their maintenance, is intercepted by the subsequent; and 
since, on account of the presence of the subsequent, they are forever 
debarred from extending their headwaters beyond it into the upper 
portions of their rightful drainage basins, they are as truly beheaded, 
in the sense of having lost part of their drainage area, as are those 
streams where actual capture has occurred. 

Obsequent Gashes, Within the red canyon obsequent gashes occur 
here and there on the east wall. In only one case observed by the 
writer had the cutting progressed sufiiciently to develop even a puny 
trickling stream. The immaturity of the subsequent, which is still 
engaged in down cutting and monoclinal shifting, is doubtless respon- 
sible for the present embryonic condition of the obsequent drainage. 
It is probable, too, that on account of the strong eastward dip of the 
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Strata the retreat of the euesta-like wall, by monoclinal shifting, has 
been able all along its length very nearly to keep pace with the ten- 
dency to develop obsequent drainage. The limit of shifting will be 
reached when grade is attained by the subsequent streams; and from 
that time on the retreat of the wall will be slower, because it will then 
depend only upon the slow process of weathering and the chance 
undercutting of the stream. The obsequents, on the other hand, 
will continue to work vigorously, so that their influence upon the 
drainage and topography will become more and more apparent until 
that time when all the activities of the region decline toward old age. 
A Resequent RUl. On the western wall of the Red Canyon wet 
weather drainage flowing down the uncovered slope of the purple 
limestone, has gashed it near the bottom and the gully thus produced 
b growing headward by sapping. Already the incision has reached 
the water table and a permanent rill fed by springs has been estab- 
lished. The direction in which this rill now flows is identical with 
that which a consequent stream would have. The rill, however, can- 
not be termed consequent because during the removal of superior 
strata the surface on which it flows has been produced by the retreat 
of an obsequent slope and the present direction of flow has been, as it 
were, resumed after an interval in which the opposite direction ob- 
tained. It belongs therefore to the dass of resequent streams, of 
which there are other examples in Pennsylvania, the Jura Mountains, 
and elsewhere. The radial streams on Crook Mountain and other 
domes in the Black Hills are probably also members of this class; for 
the slopes oh which they run are certainly not the original surfaces 
of the domes and, in the development of the present surfaces by the 
removal of superior strata, several generations of obsequent slopes 
may have successively retreated along the dip of the beds, each retreat 
being followed by the development of resequent drainage until the 
present status was reached. 

Summary. 

In the Bighorn Mountains, as in the Black Hills, the Pleistocene 
period seems to have been marked by extensive denudation and the 
accumulation of gravel deposits. Since the deposition of the latter. 
Big Goose Creek and other streams have been permitted to entrench 
themselves deeply below their former valley floors. That this incision 
is due to uplift or broad up-warping rather than to climatic oscillation 
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alone is shown by the relation of the terraces formed during successive 
stages of down-cutting. Great opportunity has thus been given for 
the development of adjusted drainage. Fine examples of master con- 
sequent, subsequent, and beheaded consequent streams are shown, 
while less perfectly developed specimens of obsequent and resequent 
streams are also to be found. The general immaturity of all the 
streams described indicates that the uplift which permitted their 
development was relatively recent and may even be still in progress. 
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Plate 1. Map of the Black Hills area showing present distribution of ^ 

gravels, possible sources of pebbles, and possible routes of 
pebbles from sources to localities where found. x^ 

Plate 2. Topographic map of the Black Hills area. 

Plate 3. Map showing altitudes indicated by aneroid barometer. 

Plate 4. Topographic map of the Bighorn area. The Red Canyon join» 

Big Goose Creek from the south near the center of the map. 
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Introduction. 



Definition. — The tenn Roxbury Conglomerate is applied to a 
series of ancient sediments which occupy a large part of the so-called 
Boston Basin. The series consists of drkoses and coarse and fine con- 
glomerates, interbedded with sandstones and shales or slates. One 
of the conglomeratic members is well developed and exposed in Rox- 
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bury, where it has long been known as the "Roxbury Pudding-Stone/* 
Since this rock is, on the whole, one of the most important and 
characteristic members of the series, its name has been extended 
to include the entire formation. 

Accompanying the Roxbury Conglomerate are contemporaneous 
intrusions or outflows of basic lava that are intimately related to the 
sedimentary series. These constitute a problem by themselves and 
will be discussed in this paper only in a general way. 

Areal Boundaries. — Maps, The earliest map of the Roxbury 
Conglomerate that has come to the notice of the writer was pub- 
lished in 1818 by J. F. and S. L. Dana in connection with their 
Outlines of the mineralogy and geology of Boston and its vicinity. 
On this map the conglomerate, designated as graywacke, appears as 
a belt about two miles wide and eight or ten miles long, extending in 
an east-southeast direction. In President Hitchcock's map, published 
in 1833 (E. Hitchcock, a), the conglomerate, still called graywacke, 
is represented as a somewhat oval area with a southwest prolongation 
through South Natick. The only map that gives the boundaries of 
the region as a whole with any detail is Crosb/s geological map of 
eastern Massachusetts, published in 1877. In later years the same 
writer has published more detailed maps on a larger scale of the 
southwestern parts of the area, Nantasket and Cohasset (1893) and 
Hingham (1894). The southwestern extension of the conglomerate 
has been mapped in outline by Tilton (1895). These later studies, 
together with the work of Burr and the unpublished data collected 
by a number of students of advanced geology at Harvard University 
show that some modifications of Crosb/s earlier map are necessary 
but that in the main its outlines are substantially correct. In the 
preparation of the map accompanying the present paper (Plate 7) all 
these sources of information have been consulted, together with further 
papers by Professor Crosby and others and the field notes of the writer. 

The Northern Boundary. The true northern boundary of the 
Roxbury Conglomerate series is enveloped in some obscurity on account 
of the uncertainty regarding the age and stratigraphic position of the 
Cambridge and Somerville slates. The latter are regarded by Crosby 
and others as conformably overlying the conglomerate and forming 
part of the same series with it; but there is room for a difference of 
opinion and the matter cannot be regarded as definitely settled. On 
the supposition that the slates form the upper members of the con- 
glomerate series, the northern boundary of the area is marked by a 
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well defined and fairly regular escarpment of ciystallioe and meta- 
morphie rocks Tyhich extends soutl^west fropi Maiden and Arlington 
to Waltham. Thenc^ the bound^ turns more nearly south toward 
Auburndale and the slate belt becomes in^erruptead or reduced to a 
narrow zone whiqh passes southwest by Newton Lower Fall§ to 
Wellesley and South Natick. The conglomerate does not extend 
north of the Charles River, though a single outcrop of a slaty rock 
with a few scattered pc^bbles does appear in Watertown between Mount 
Auburn and Belmont Streets. The northern boundary of the con- 
glomerate extends from AUston and Brighton almost due west in a 
fairly uniform line to Auburndale. Thence it also passes southwest 
by Newton Lower Falls to vVellesley and South Natick. With it is 
associated inelaphyr in discontinuou3 masses. The surface in this 
western area is largely covered, with glacial deposits but occasional 
outcrops seem to indicate that the conglomerate series continues 
beneath. 

The Southwest Extension, On Crosby's map the southwest escten- 
sion is represented a^ a narrow tapering tongue extending from Newton 
LowQr Palis to South Natick, with an eastward prolongation tp Charles 
River Village. Tilton's work in this area seeins to show that the 
boundary is more irregular than, that given by Crosby and that the 
sedimentary zone is w^ider and extends farther south. , The southern- 
most outcrops of conglomerate occur half a mile northeast and south- 
east respectively of Farm Pond. On the accompanying map the 
boundaries are given essentially according to Tilton's mapping, ex- 
cept that on the eastern side the line passes northeast, without bend- 
ing south to Dover, to the Charles River, about three-quarters of a 
mile west of Charles River Village. This change is made on account 
of the fact that the occurrence of granite on the north side of the Charles 
River juHt where the latter is crossed by the boundary line and also at 
a point about three-quarters of a mile west-southwest of Dover makes 
it probable that the low ridge in that vicinity is composed of granite. 
The eastward extension at Charles River Village is made to include 
a large mass of melaphyr and a breccia that may be igneous or sedi- 
mentary, or partly both. In places the breccia becomes conglomeratic 
but even where this is not true the rocks appear to possess a greater 
affinity to the rocks of the basin than to the felsite breccias. From 
Charles River Village the boundary line passes north around the 
we3tem side of the Needham felsite area and thence east to the north 
of Highlandville, where it joins tlie southern boundary of the main 
conglomerate area. 
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The SoiUhern Boundary. The same. obscurity that prevails in the 
caae of the northern bouqdaiy recurs at the southern. The slates 
that border the co^^omerateniass onthe sout^ areapparently identical 
with ^ose on the.noxth and the same question asi to a^ and strati- 
graphic position again arises. On the supppsition that the slates are 
conformable with the conglomerates and overlie them, the southern 
boundary of the formation lies along the northern edge of the granite 
area that stretches almost due west from Quincy through Milton 
Center nearly to Hyde Park. There it bends south\fest toward the 
Neponset River. Whether the boundary aroimd the western end 
of the Blue Hill Rai\ge is continuous with the conglomerate, forma- 
tion that lies to the south b not certainly known. The l;>road open 
valley of the Neponset River at this place and the occurrence near 
Qreei^ Lodge of an putcrop of dc;nse silicious sandstone would seem 
to favor this view but th^ deep, coyer of drift and alluvium effectually 
prevents any definite tracing of the formation across from the northern 
to the southern area. , The occurrence of slate patches on the granitic 
area near Quincy and of iso)a^ outcrops of slate in Hyde Park, both 
said to be cut by granitic dikelets and stringers, renders th^ correlation 
of the slate with, the conglomerate doubtful. Spme of the slate at 
least appears to antedate the conglomerate but how large a proportion 
of the southern slate belt is included in the earlier formation cannot be 
determined on account of the heavy drift cover. Professor Crosby 
believes that all the earlier slate ,is confined to the Hyde Park locality 
(p, p. 41) and to the patches on the granite (n, p. 428). The main 
slate area he dashes with the conglomerate series. On the accompany- 
ing map the slate belt has ^n represented a^ a unit approximately 
in accordance with Professor Crosby's view. Eastward, . according 
to Crosby (n, p. 439, 508) , the boundary forms ^Imost a direct line to 
Weymouth Back River. There it bends southe^t toward a point 
half a mile south of Hingham Harbor. Farther east the boundary 
line coincides in general with Weir River between Hull and Cohasset. 

Westward the conglomerate app^rs at Dedham about a mile west 
of Readville. Thence the boundary ben(jb northwest for about two 
miles, then turns e^t-northeast in an irregular line through the south- 
em part of the Stony Brook Reservation and Hyde Park.to !Ntattapan. 
From that point it again bends westward for abput eight miles to 
Highlandville where it makes another eastward jog of a mile and 
a half before making the final turn west to join the eastern boundary 
of the southwest extension. 

Area. On this supposition that, the slates of Someryille and the 
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Neponset region are part of the conglomerate formation, the area has 
the shape of a somewhat distorted obtuse triangle, with a base neariy 
thirty miles long and an altitude of twelve or thirteen miles. The 
total area, therefore, is about 120 or 130 square miles, of which the 
doubtful slates constitute more than one-half. 

Neighboring Conglomerates. — Other Areas, South of the Blue 
Hill Range in the so-called Norfolk County Basin lies another rela- 
tively narrow belt of sediments which bear many resemblances to 
the members of the Roxbury series. These rocks are known to be 
connected through a narrow pass at Sheldonville with the conglom- 
erates and other sediments of the Narragansett Basin. The latter 
series occupies a large part of the state of Rhode Island and includes 
a portion of southeastern Massachusetts but it is separated from the 
Norfolk Basin sediments, except at Sheldonville, by an area of ciys- 
talline rocks. 

Small areas of conglomerate occur in the basin of the Parker River 
in Essex County, at Bellingham, and Harvard, Massachusetts, and at 
Woonsocket, Rhode Island. 

LUhological Relations. The Norfolk Basin sediments consist of 
arkoses, coarse and fine conglomerates, sandstones, and slates that are 
much like the Roxbury series, though it may be said that on the whole 
the former have a more marked tendency toward a red color. The 
pebbles of the conglomerates in the two regions are composed of the 
same substances, with the exception of the Blue Hills porphyry, which 
is said to occur on the south side but does not certainly appear on the 
north side of the Blue Hill Range. Moreover, the only organic 
remains thus far discovered in the Roxbury series are casts of tree 
trunks that are similar to forms found in certain portions of the Norfolk 
Basin. It has been stated that on the north no direct connection has 
been traced between the Norfolk Basin sediments and the Roxbury 
series. It was noted, however, that near Green Lodge (Plate 7, 
Dedham lY, £ 16), about in the line of the Blue Hill Range projected 
westward, there is a limited outcrop of sandstone. The rock in ques- 
tion is greenish gray in color, silicious and similar to some members 
both of the Roxbury and Norfolk Basin series. But it is much indu- 
rated and is penetrated by quartz veins. Possibly it may be a remnant 
of some earlier formation that furnished material to the conglomerates 
and formed part of the floor upon which they were deposited. It may 
be connected with the older slates or it may represent a sandy mem- 
ber of the conglomerate series. Thus no determinative value can be 
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attached to its occurrence even though it lies in a critical position with 
reference to the two basins. The evidence furnished by the valley 
of the Neponset River, apparently excavated in weak rocks which 
appear to pass from the northern to the southern basin, is equally 
suggestive and unsatisfactory. While therefore there seems to be 
reason for believing that the two basins are connected, the existence 
of the connection cannot be definitely established from the evidence 
now at hand. 

The Narragansett sediments are characterized in some of their 
members by a considerable intensity of red color. In this respect 
they greatly exceed the Roxbury series and generally also the rocks 
of the Norfolk Basin. They consist of arkoses, coarse and fine con* 
^lomerates, shales, and sandstones. In general appearance they are 
much like the rocks of the Boston and Norfolk Basins but they are 
more highly fossiliferous and in some parts of the series are marked 
by fossiliferous pebbles and by pebbles containing a considerable 
amount of white mica. Muscovitic rocks are not known to be repre- 
.sented in the Roxbury and Norfolk Basin series. Here again sediments 
of similar character but of different ages are found in close proximity 
to each other but fortunately the fossils contained in them furnish 
means of identification. 

The sediments of th<e Parker River Basin, so far as known, occupy 
but a small arc^ in comparison with that represented by the series 
already mentioned. According to Crosby (b, p. 267-268), they appear 
to consist largely of slate but there is some schbtose conglomerate 
resembling that at Milton or at South Natick. They are accompanied 
by igneous breccias and amygdaloid in somewhat the same manner 
as are the rocks of the Boston Basin. Their color,, however, is more 
intense than that of the Roxbury series in general and more closely 
resembles that of the strata exposed at South Natick and at Charles 
River Village. 

The Bellingham Conglomerate occupies only a small area a few 
miles northwest of the Narragansett Basin. It is believed by Crosby 
to be the stratigraphic equivalent of the Harvard Conglomerate and it 
has undergone remarkable deformation, whereby the pebbles have 
been elongated into spindle-shaped and pencil-like masses (ibid., p. 
148). 

At Harvard, Mass., a wedge-shaped area of conglomerate not more 
than a few hundred feet wide at its broadest part extends about two 
miles south from a little north of the center of the town. The pebbles, 
<»nsisting of quartzite and argillite, are flattened, bent, and drawn 
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out into lenticular.masses. In its general aspect and ^composition this 
rock does not resemble those of the Boston, Norfolk, or Narragansett 
Basins. 

The Woonsocket Conglomerate also occupies a rather limited area 
and is characterized by such a high degree of metamorphism that its 
composition is often not clearly distinguishable. Here too there is 
little apparent resemblance to the rocks of the basins east and south. 

Age Relations. The age of the Roxbury Conglomerate has not been 
determined with accuracy. Among its pebbles granitic fragments 
are common. Granite of the Quincy type has been shown by Wads- 
worth to he intrusive into the Braintree slates (b, p. 275), which have 
yielded Middle Cambrian fossils, Paradoxides harlani Green (W. B. 
Rogers, a, p. 27-29, 40-41). Pebbles of another type of granite, whose 
relations to the Quincy gmnite are not certainly known, are abundant 
in the conglomerate. Crosby believes the granites in question to be 
differentiation products of a single batholite (n, p. 311 et seq.). The 
slates at Hyde. Park are -cut by granite dikelets and felsite (Crosby, 
p, p. 42) so that the conglomerate which contains pebbles both of 
felsite and of slate must be younger than both of these rocks. The 
Quincy granite is therefore of later age than the Middle Cambrian. 
The discovery at Forest Hills of what are believed to be fossils has not 
thrown much light on the subject of the tnie age of the conglomerate. 
The forms in question^ as described by Burr and B^irke, occur in a 
sandy zone near the top of the conglomerate series^ They ar^ cylin- 
drical in form, with circular cross-sections, and are believed to be casts, 
and moulds of trunks or roots of tree-like forms. The largest has a 
maximum diameter of 4.8 inches and all are marked by somewhat 
irregular transverse wrinklings. No organic matter is preserved. 
(Burr and Burke, p. 180). The only characteristic features are the 
transverse markings and it is possible tha t even these may be of mechan- 
ical origin. Assuming oiganic origin as the most probable explanation 
of these forms they still have no determinative value for they may have 
been derived from Devonian or Triassic as well as from Carboniferous 
life (ibid., p. 181-183). 

Moreover, in the consideration of the age question the possibility 
of the presence of unrecognized upper Cambrian or Silurian rocks in 
the region must be kept in mind, as well as the fact that the formation 
may represent more than one geological period. Nevertheless . the 
occurrence of granitic pebbles in such abundance in the conglomerate 
shows .that a long interval of erosion must have succeeded the period 
of granitic intrusions, for granite is usually a deep-seated rock and its- 
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€xposuTe to pebble-making agencies su^ests the removal of a heavy 
sedimentaiy covering. This consideration, together with the close 
resemblance of the Boston Basin sediments to the rocks of the Norfolk 
and Narragansett Basins, in which midoubted Carboniferous fossils 
have been fomid, have led many geologists to believe that the Roxbury 
Conglomerate is also of Carboniferous age. 

In the Norfolk Basin casts of tree trunks have been described by 
Crosby and Barton and by Woodwortli as occurring near Pondville, 
Mass. (Crosby atid Barton, p. 416-420; Woodworth, b, p. 145). The 
writer too has found irregular cylindrical cavities, unlike pits formed 
by the removal of pebbles from the conglomerate and comparable to 
casts made by irregular stems or roots of plants. The forms referred 
to occur in a gritty zone in a ledg^ about 200 yards southwest of the 
residence on the top of the ridge, a mile south of the intersection of 
Green Lodge Street with the eastern side of the Neponset valley. One 
of the supposed fossils is exposed on the froiit of the ledge and measures 
two feet in length with a breadth and depth of three and five inches 
respectively. Thef front part of the cast is broken away and the 
inside is marked by transverse wrinklings after the manner of the 
fossils found at Forest Hills. In this case, however, it is not certain 
whether the markings are original impressions or only due to weathei^ 
ing along the shear planes which cut obliquely across the cavity. The 
wrinklings are tiot well developed on the north side. The other 
supposed cast is found on the top of the same ledge. A hole two or 
three inches in diameter with somewhat elliptical cross-section was 
dug out with a knife tothe depth of six or eight inches without showing 
any diminution in size or any bottom. The shape of the cavity is 
iriegular and unlike that of any of the pebbles seen in the rock, but is 
such as might well be expected in the cast of a root or somewhat irregu- 
lar stem. Both forms lie in the plane of the bedding, which is here 
nearly vertical, and they must have been practically horizontal at the 
time of their deposition. Well-defined Carboniferous fossils, however, 
have been found by Woodworth toward the southern pyt of the basin 
in the railway cut north of Canton Junction (WoodwoAh, b, p. 146). 
In the Narragansett Basin beds of coal occur at several localities 
and a number of insects and plants have been identified. Some of 
these have been compiled and tabulated by Woodworth in his report 
on the northern part of the basin (d, p. 202-204). From a study of 
the flora of the Rhode Island coal measures Lesquereux concluded 
that the latter were equivalent to beds of the Upper Carboniferous in 
Pennsylvania (ibid., p. 204). 
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The conglomerate at Harvard is intimately associated with the 
so-called phyllite, which is graphitic in a number of places and at 
Worcester contains the coal mine in which a Lepidodendron was found. 
The Worcester phyllite is therefore considered Carboniferous and the 
Harvard Conglomerate is believed by Emerson, who has worked in 
the Harvard region, to be also of Carboniferous age.^ 

No reliable data are at hand with reference to the ages of the Woon- 
socket, Bellingham, and Parker River Conglomerates. The only clues 
are furnished by their lithological. resemblances to the other conglom- 
erate formations of the region. 

It is thus seen that the Narragansett and Norfolk Basin sediments 
are definitely known to belong to the Carboniferous period and that 
there is a strong presumption that the Roxbury series is of similar age. 
In the case of the outlying conglomerate masses there is no definite 
evidence, but it seems likely that these rocks may also be Carboniferous. 

Unity or Diversity of Origin. In view of the close lithological 
resemblance of the Roxbury Conglomerate to the sediments of the 
Norfolk and Narragansett regions, the basin-like occurrence of each 
group of strata and the known Carboniferous age of the Norfolk and 
Narragansett rocks, it seems unlikely that the separate sedimentary 
areas could have had diverse modes of origin. On the contrary, since 
the entire area in which these rocks lie is relatively small, it seems 
probable that similar causes operated to produce similar results in 
each case. Moreover, since the more westerly areas are possibly also 
of Carboniferous age it may be true that they too have been formed 
by similar agencies. The Roxbury Conglomerate has been the writer's 
chief study, but its histoiy is perhaps similar to that of the other areas 
and is thus of more than local significance. The data furnished by 
the other areas may in turn throw light on the history of the Roxbury 
Conglomerate. Therefore an account of the origin and structure of 
the Roxbury Conglomerate must, take into consideration the neighboi^ 
ing similar formations. 

Broad and farrow Terrane Views, Whatever may have been the 
agencies thaUproduced the conglomerates the latter may be conceived 
either as material originally deposited in separate, circumscribed areas 
or basins of not much greater extent than those they now occupy, or as 
uneroded remnants of a great formation that has largely been removed. 
The former view implies an ancient topography not very different 
from that of the present time, while the latter involves the uplift and 

1 Conversation with the writer. 
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removal by erosion, and perhaps also by displacement, of great masses 
of rock. The former idea may be called the narrow terrane view, the 
latter the broad terrane view. According to the narrow terrane view 
the Boston Basin and the Narragansett-Norfolk Basin may be con- 
sidered as originally adjacent though separated areas of deposit or as 
separated members of one originally continuous basin. In either 
case, however, it is presumed that the combined area now occupied 
by the deposits of the several basins is approximately the same as that 
of the original deposit and that the latter was never very extensive. 
According to the broad terrane view the present deposits are down- 
folded or down-faulted renmants of a great mass of sediments which 
originally extended far beyond the present limits of the conglomerate 
areas but which have been removed by elevation above the plane of 
erosion or have been submerged beneath the sea. 

One of the strongest supporters of the narrow terrane view was. 
Professor Crosby. In his Contributions to the geology of eastern 
Massachusetts he says (b, p. 181): "The Paleozoic rocks of eastern 
Massachusetts occur. . . .only in limited basins or depressions exca- 
vated in the ancient crystalline formations. Three of the basins have 
been recognized, and they are almost as well marked in the modem 
as in the ancient topography: for I hold the view that these basins 
probably existed as such before the deposition of the sediments which 
they contain." The results of later studies, showing the probable 
close relationship of the rocks in the three basins mentioned, have 
compelled a change of view so that the same author in a later paper 
speaks of the conglomerate as having been spread ''far and wide over 
the entire region" (n, p. 464). Professor Shaler also speaks of the 
area of deposition as a ''broad trough penetrating far into the land, 
possibly including the Worcester trough" (Shaler et al., p. 9). 

Views of Origin. — The conglomerates have been very generally 
believed to be of marine origin. In fact up to twenty-five or thirty 
years ago there appears to have been no suggestion of any other 
possibility. One of the earlier hints of dissent from the common 
view is given by Dodge in his Notes on the geology of eastern Mass- 
achusetts. He speaks of the similarity of some features of the Rox- 
bury Conglomerate to those of glacial deposits and suggests in a 
merely tentative way the glacial origin of the conglomerate (a, p. 
408-409). The glacial hypothesis is vigorously combated by Crosby 
in his Contributions above referred to, where he maintains the 
hypothesis of marine origin (b, p. 187). Later Shaler advocated the 
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idea that the conglomerates of eastern Massachusetts represent 
ancient glacial material worked over by the sea (Shaler et al., 
p. 67). Anothei" view, suggested by Bouv^, (b, p. 40-41) is that 
the conglomerates were formed of rock deeply disintegrated Under 
the "highly corrosive" atnlosphere of early ages and subsequently 
resorted and deposited by waves. The possibility of fluviatUe ori-" 
gin for the Roxbury Conglomerate has not been suggested in pub- 
lished accounts, but Professor Woodworthhas shown (d, p. 176-177) 
that some portions at least of the Narragansett sediments were depos- 
ited by streams, and in conversations with the writer he has often 
expressed the opinion that the entire conglomerate series of eastern 
Massachusetts b non-marine. The later published views, however, 
jstill regard the conglomerates as laid down by a transgressing sea, 
during a period of slow subsidence of the land, accompanied by various 
oscillations in level (Crosby, n, p. 461). Similar conclusions were 
reached by La Forge in his unpublished report on the Geology of 
Somerville (p. 90). The current tendency of opinion therefore seems 
to be to regard the conglomerate as marine, but it must be admitted 
that the other h3rpotheses have not been examined with sufficient care. 
In the present paper an attempt will be made to consider carefully 
various hypotheses in order to determine if possible which ha&i the 
greatest weight. 

Scoi>EJ OF Field Work. — The Roxbury Conglomerate is abun- 
dantly exposed in a number of separated areas. An attempt has 
been made to see the principal outcrops in each of these regions, 
with the idea of getting a general view of the whole field rather than 
of making a detailed study of particular areas. The work has also 
included a similar, though not so extended, study of the Norfolk 
Basin sediments. Several trips have been made into the Narragan- 
sett Basin, more especially to the districts in the vicinity of Attle- 
boro, Seekonk, Tiverton, and Newport, and localities near Worces- 
ter and Harvard, Massachusetts, have also been visited, the latter in 
company with Professor Jaggar. The Parker River, Bellingham, 
and Woonsocket areas have not been seen by the writer. 

Scope of Laboratory Work. — Numerous selected specimens 
collected by former students in geology at Harvard University and 
by the writer, from typical localities, have been examined and stu- 
died. Their character and composition have been determined by 
means of a low power lens on natural and polished surfaces and 
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h^her power lenses irith thin sections: The data thus obtained 
have been compiled amd tabulated, together with data derived from 
field observations. 



The Origin of Conglomerates. 

General' Statement. — Before taking up the question of the ori- 
gin of the Roxbury Conglomerate it was necessaiy to find criteria by 
which to judge whether these rocks ^lould be ascribed to marine 
action or to some other mode of formation. An investigation of the 
litei^ture has accordingly been made to deteiimine • the characteristics 
of other conglomerates in various < parts of the world, ascribed to 
this or that mode of origin. An attempt has been made to examine 
all' the more important papers* bearing on the subject, but •the limit^^ 
tions of time make it possible that a number of valuable sources of 
information have been overlooked. The present chapter embodies 
citations in which the. characteristics of certain 'types of conglomerate 
are set forth by various writers, together with a discussion and clas- 
sification of the criteria thus obtained. Before etitering upon the 
discussion of particular types of ooBglomerate it is desirable .to 
note the characteristics of conglomerate in .general ■ >and of certain 
allied types of rock. To that ^id a iew definitions and brief de- 
scriptions are given here substantially as in iGeikie's Text-book of 

geology. 

' ' . . ' _ ' . 

Definitions and I>EScmptiOfU9.'^CongldmeraUs. BxkIss fbrmed 
of consolidated' gravel or shingle are called conglomerates. • The 
component pebbles are rounded and waterwom and may consi£/t 
of any material^ though usually of some durable kind, as quartz or 
granite. Different names are given to ' conglomerates according to 
the character of the pebbles contained, 'as quartz or granite con- 
glomerates; at according to the natuite of the cementing paste or 
matrix; which may consist of hardened sand 6r clay and may be 
silicious, Calcareous, argillaceous, or ferrugrhous. 

The bedding is not always distinct and it may sometimes he neces- 
sary to view the rock as a whole in its relations to the overlying and 
underlying beds before its stratified character can be conceded (A. 
Greikie, p. 63). The size of the constituent pebbles may range from* 
masses several feet in diameter through shingle and gravel ^of suC'^ 
cessiVely finer texture until the rock becoines a grit or a coarse gray- 
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wacke. The relative proportions of pebbles and matrix may also vary 
from a rock consbting of practically nothing but boulders to a pebbly 
sandstone. Variations in bedding may also occur so that strata may 
suddenly sink from a thickness of several hundred feet to a few yards, 
or may die out altogether, perhaps to reappear in the same wedge-like 
fashion. Conglomerates are thus, as Greikie well says (ibid., p. 651), 
"the most variable and inconstant of all sedimentary formations," 
but whatever irregularities may occur the pebbles maintain some 
degree of rotundity. 

Breccias, Allied to conglomerates and sometimes shading into 
them are rocks composed of angular instead of rounded fragments — 
breccias. They commonly present less marked stratification than 
conglomerates and have been only slightly, if at all, affected by run- 
ning water. Various agencies may produce breccias, which are named 
according to their mode of origin. The normal breccia is formed by 
the accumulation of the products of the superficial decay of rocks, 
without the intervention of water action, save that invcdved in the 
rapid deposition of material launched from steep slopes or cliffs into a 
lake or the deep sea. Angular blocks and fragments accumulated 
around vents may become consolidated into volcanic breccias. Igneous 
eruptions may tear off fragments of the rocks through which they pass 
or may break through previously consolidated portions of the igneous 
rock, thus forming, when the mass solidifies, igneous breccias. Move- 
ments of rock masses along fracture planes sometimes produce a zone 
of angular fragments which, by subsequent infiltration and deposition 
of mineral matter, becomes a fatdt breccia (ibid., p. 164). 

Agglomerates, Tumultuous assemblages of blocks, of all sizes 
up to masses several yards in diameter, occur in the necks or pipes of 
old volcanic openings. The stones and paste usually consist of one or 
more volcanic rocks; but they may sometimes include fragments of 
the rock through which the orifice was drilled. Such accumulations 
are called volcanic agglomerates. As a rule they are devoid of strati- 
fication but they may sometimes include coarser and finer materials 
arranged in more or less distinct beds, which are often placed on end 
or inclined at a high angle. The last feature is probably due to the 
subsidence of beds of tuff within the crater and upper part of the 
funnel (ibid., p. 174, 751). 

Volcanic Conglomerates, When the coarser volcanic fragments 
become rounded by attrition within the crater or funnel, and especially 
when they are resorted and deposited by moving water, the consoli- 
dated accumulations formed are called volcanic conglomerates (ibid., 
p. 276). 
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This chapter is concerned chiefly with the characteristics of true 
conglomerates as determined by their modes of origin but it includes 
a discussion of certain rocks that have been named and described as 
conglomerates, although in the light of the above definition they would 
more properly be classed under another heading (see, for example, 
the Dwyka Conglomerate, p. 130). 

Types of Conglomerate. — The principal types of conglomerate 
that will receive consideration are: (1) marine; (2) fluviatile; (3) estua^ 
rine; (4) lacustrine; (5) glacial. To these may be added the pseudo- 
conglomeratic rocks produced by internal movements of the strata 
and called (6) crush-conglomerates. Moreover, (7) it should be 
remembered that many combinations of processes are possible and 
that many accumulations doubtless owe their origin to such combin- 
ations. 

Marine Conglomerates: — Cretaceous of Texas. One of the best 
examples of marine strata is the Cretaceous system of Texas, so 
well described by R.-T. Hill. A persistent feature of this system 
is the formation known as the Basement or Trinity Sands. They 
are said (R. T. Hill, p. 132) to be usually accompanied at the 
base by a fine pebble conglomerate. At one of the places men- 
tioned (ibid., p. 141), where the basal beds are locally Imown as the 
Sycamore Sands, the matrix of the conglomerate is described as a 
"cement of ferruginous, yellow and red, gritty sand." The material 
of the pebbles in the conglomerate varies locally according to the 
nature of the adjacent, pre-existing rocks (ibid., p. 132) and may 
consist of masses of limestone, quartz, chert, granite, and schist, four 
to six inches in diameter at the base and decreasing in size upward. 
They are well rounded at the locality above mentioned (ibid., p. 141) 
but elsewhere (ibid., p. 181-182) many of the cobblestones are de- 
scribed as but slightly worn. In the latter case the basal conglomerate 
consists chiefly of limestone, sandstone, and chert of local derivation, 
while quartz pebbles from more remote sources are smaller and well 
rounded. The conglomerate bed exposed in Pompey and Blanket 
Creeks (Brown County) is described as furnishing a fine illustration 
of false bedding (ibid., p. 183). 

The Basement Sands contain thin beds and laminae of red and blue 
day (ibid., p. 132). The Denison beds of the Washita division also 
contain ferruginous clays and as a whole they are said to be ''charac- 
terized by the strong ferruginous colors peculiar to near-shore deposits" 
(ibid., p. 266). 

The basal conglomerate grades upward into sands, false-bedded 
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shell grits and silts (ibid., p. 109, 141) and seldom reaches the thick- 
ness of 200 feet (ibid., p. 133). In some places the bedding is massive 
but elsewhere sands and clays are interstratified with the conglomerate, 
though the stratification is not well marked, and again false bedding 
becomes more common (ibid., p. 182-183). Sometimes the inter- 
stratified clay is in lenticular layers or even in balls (ibid., p. 198). 
Variations in thickness and in composition along the dip of - the sev- 
eral beds are much greater than ^ong the strike and all the beds 
are more or less lens-shaped in cross-section, first thickening and 
then thinning seaward {ibid., p. 370). 

The extent of the Basal Sends is a noteworthy feature. They were 
deposited successively farther inland duiing the transgression of the 
sea and hence underiie beds <^ varying age from older to younger, 
into which they pass horizontally as indicated in Figure 1, taken from 




— Qiagrftinmatlc BWlion of the Basal 
showing the normal amingeinenl 
(sUgbtl; modiaed from R. T. Hill, 



Hill's description (ibid., p. 202), They thus have great extent yet 
throughout they maintain a remarkable similarity and uniformity 
in litholo^cal nature (ibid., p. 179). 

The Cretaceous system of Texas rests unconformably upon the 
planed off edges of different layers of Palaeozoic rocks that had en- 
dured a long period of erosion (shown by the absence of Triassic and 
Jurassic sediments) and had probably been reduced nearly to base 
level. The ancient land surface of that time has been termed by Hill 
the "Wichita paleoplain." Irregularities of configuration of this 
Precretaceous land are shown by some degraded remnants that still 
persist, like the Ouachita Mountains (ibid., p. 363). 
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: — PottsviUe Conglomerate, The Potts ville formation of 

Pennsylvania and the region southward has been ascribed to marine 
origin.. Accounts of it have been given in the state reports and in 
various separate papers. According to David White the rocks consist 
of ponderous conglomerates, which are more variable in color, com- 
position, and assortment in the lower part and more quartzose, dense 
and light colored near the top. The conglomerates alternate near 
the base with washes of purple and olive mud or soft greenish sand- 
stone, and in the higher portion with thin arenaceous shale and coal 
seams (D. White, a, p. 762). The section in Sharp Mountain below 
PottsviUe shows a transition from the Mauch Chunk to quartz con- 
glomerates. The conglomerates intercalated in the upper beds of 
the Mauch Chunk are irregularly bedded and poorly assorted or 
sometimes apparently unassorted pebble or boulder accumulations 
in a matrix of coarse arkose sands, colored by reddish or greenish 
shale washes. The pebbles are mostly quartz though other crystal- 
line and clastic rocks are also present. Occasionally the pebbles, 
which are sometimes subangular, attain a diameter of three or four 
inches but usually they do not exceed the size of a goose egg. For 
a long distance from the base the conglomerate matrix consists of 
micaceous, chiefly arenaceous material, poorly cemented and often 
colored with red or green argillaceous matter. Irregularities of bed- 
ding and variety of rock constituents in the pebbles, which often 
are imperfectly rounded, are interesting features of the lower por- 
tion of the PottsviUe formation. Subangular pebbles in imperfectly 
bedded arkose conglomerates are not rare throughout the lowest third 
(ibid., p. 763-764). 

The study of fossil plants shows that the Sharon conglomerate, which 
constitutes the basal member of the Upper Carboniferous over the 
greater portion of western Pennsylvania and part of Ohio, and which 
has been regarded as the basal member of the PottsviUe in general, 
belongs in the upper part of the typical Potts vUle; and that several 
thousands of feet of PottsviUe sediments in the southern Appalachians 
and a great thickness of beds in the southern anthracite region were 
laid down before an encroaching sea began the assortment of Sharon 
materials in western Pennsylvania or Ohio (D. White, b, p. 268). 
The thick sections along the eastern border of the Appalachian coal 
region contain floras distinctly older than those present in the lowest 
beds of the thin northwestern sections and the characteristic floras 
of the thin sections occur in their natural order in the upper part only 
of 'the thick sections (ibid., p. 271). 
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The Sharon (Olean) Conglomerate, mentioned in the state reports 
as "a round pebble conglomerate" (Lesley et al., p. 1721), is described 
by I. C. White as being everywhere a very massive, coarse, grayish- 
white, pebble rock, the pebbles varying in size from a pea to a hen's 
egg, all cemented into a matrix of coarse gray sand, and frequently 
containing vast quantities of imbedded plant remains (I. C. White, 
p. 37). 

The thickness of the Pottsville Conglomerates in the anthracite 
district averages 1200 feet in Carbon, Schuylkill, Lebanon, and 
Dauphin counties but it diminishes rapidly toward the north-north- 
west in Luzerne and Lackawanna counties. The reduction in thick- 
ness is accompanied by a decrease in the coarseness of materials; the 
pebbles become scattered and are no larger than a pea (Lesley et al., 
p. 1854). Stevenson, who has studied the Pottsville formation from 
the stratigraphic standpoint, concludes that the thinning out toward 
the northwest is due to the successive disappearance of the lower 
members, so that in much of the northern field even the Sharon sand- 
stone has but an insignificant representation (Stevenson, p. 202). 
Thus his results agree with the palaeobotanical studies of David White 
in placing the apparently basal conglomerates in the thin northwestern 
sections high up in the columns of the thicker, more easterly sections. 

Bailey W^illis, after noting some of the characteristics already men- 
tioned, brings out the additional feature of lenticular form, which 
appears to be common in the Pottsville and later Carboniferous 
deposits, so that a bed of sandstone, shale, or coal thins out and is 
replaced in its own horizon by deposits of different texture (Willis, 
c, p. 73). 

It will be noted that the Pottsville formation presents a number of 
contrasts to the Cretaceous system of Texas. The variability of com- 
position, assortment, and color in the lower members and the rapid 
diminution in thickness and size of materials toward the north-north- 
west are especially noteworthy when compared with the relative 
uniformity of the Texas series over wide areas. Recent unpublished 
studies by members of the New York State survey throw doubt upon 
the marine origin of the Pottsville rocks. Professor Grabau, in a 
recent (1906) unpublished address to the Geological conference of 
Harvard University, expressed the view that the Pottsville series 
represent, on the whole, a great alluvial fan, which in its growth ex- 
tended progressively northwestward. The Pottsville Conglomerate 
cannot, therefore, be regarded as a t^'pical marine deposit. More 
probably it should be classed among fluviatile deposits, which in recent 
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years have been shown to possess a greater geological unportance than 
was formerly accorded to them. 

Fluviaiile ConglomercUes: — India, The great Gondwana system 
of India, consisting mainly of sandstones and shales with some 
coal beds and ranging in age from Upper Carboniferous to Middle 
Meso7X)ic has been ascribed chiefly to ^uviatile action (A. Geikie, 
p. 1058). With the exception of the Talchir group, which will 
be described in a later section, there are no conglomerates of impor- 
tance in the system; but the latter is of interest because it furnishes 
some means whereby fluviatile sediments may be distinguished 
from those of other origin. These will be noted later. 

The Siwalik group, a Tertiary deposit, exposed in the hills of the 
same name along the southern base of the Himalayas, has also been 
ascribed to fluviatile action. The thickness of the series in the hills 
is at least 1,500 feet, while in the northwest Punjab it is estimated at 
14,000 feet (ibid., p. 1207). The group consists of sandstones with 
interbedded clay bands and some coarse conglomerates with well- 
rounded pebbles. Some of the finer beds of the lower pwirt of the sec- 
tion are of bright red or of purplish color. The upper Siwaliks are 
more sandy, only occasionally tinged with red, and toward the top they 
become conglomeratic in bands that increase in abundance and coarse- 
ness. Near the large rivers the uppermost group consists principally 
of coarse conglomerate composed of roupded boulders of hard rock. 
The intermediate stretches are composed largely of soft earthy beds 
precisely similar to the modem alluvium of the plains (Oldham, a, 
p. 35^358). 

The Bh&bar or gravel slope that today fringes the outer margin of 
the hills possesses a remarkable resemblance to the deposits of the 
upper Siwaliks. The extent and composition of the Bh&bar varies 
with its position. The greatest development is opposite the d6bouch6s 
of the great rivers, where the deposits consist almost entirely of boulders 
of hard rocks. In the intervening stretches the composition varies 
with that of the rocks exposed in the drainage areas of the streams. 
The pebbles are often subangular, owing to the shorter distance of 
transportation and less abrasion. They are always less rounded than 
the hard boulders of the great rivers. The upper Siwaliks vary in 
development in similar fashion. Where the Sutlej emerges, from the 
hills there are at least 4,000 feet of coarse conglomerates; but in a 
parallel section barely seven miles away, only about 500 feet of con- 
glomerate appear in the midst of over 3,000 feet of sandy clays (ibid., 
p. 469). 
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The present Indo-Gangetic plain constitutes a fluviatile deposit of 
great extent and thickness. Borings have been made- at several 
localities. The deepest noted by the writer is that at Lucknow, which 
passes through 1,336 feet of. alluvial deposits without showing marked 
increase or decrease of coarseness or reaching the underlying rock 
(ibid., p.. 176). The prevailing formation is some form of clay, more 
or less sandy. The older deposits usually contain kankar (an impure 
concretionary limestone) while the newer generally do not. Sand, 
gravel, and conglomerates occur but are usually subordinate, except 
on the edges of the valley, the quantity of sand in the clay decreasing 
gradually as the distance from the hills increases. Pebbles are scarce 
at greater distances than twenty or thirty miles from the hills bordering 
the plain (Medlicott and Blanford, p. 396-397). The surface of the 
deposit forms a great inclined plane, with slope gradually increasing 
to as much as fifty feet* in a mile next to the mountains. The high- 
est and steepest zone, ten to twelve miles wide, is formed of boulders, 
gravel, and sand of varying degrees, of coarseness (MedUcott, p. 226). 
We should expect that borings near the southern margin of the plain 
would show fine sediments, near the surface, while near the northern 
margin coarser sediments would overlie the finer, because the streams 
deposit the coarsest material where they emerge from the mountains 
and there the rock area encroaches upon the finer sediments. Four 
deep borings have been made in the Gangetic plain. Two that are 
favorably located for the purpose confirm the exp>ectation admirably. 
The other two are less suitable for reference (Oldham, a, p. 475- 
476). 

The alluvial deposits of the upper Indus region have been described 
by Drew. In the fans the material is accumulated in a general way 
in layers, though of peculiar form; not horizontal, but rather in curved 
coatings. The lateral changes of position of the depositing stream 
and the partial growth of layers are denoted by false bedding (Drew, 
p. 448). Some of the fans are made up of semi-angular pieces of stone 
of material such as hardened shale and slate in masses seldom above 
the size of an octavo volume; others from granitic mountains are 
composed of more or less rounded blocks of granite which are often 
four feet in diameter; but among these there is gravel and sand of the 
same material. In- some cases the material merits the description 
"unrounded" (ibid., p. 451). If the river alluvium remains relatively 
stationary the fan gravels encroach and rest upon it. It b more usual 
for both tributary and main stream to raise their beds so that inter- 
stratification occurs at the fan-edge, a lapping for a short distance of 
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one set <A alluvial beds over the other. Some sections show beds of 
well-rounded materials and of sand among less worn fan stuff. The 
latter being nearer its source is seldom thoroughly rounded (ibid., p. 
450-451). The alluvial plateau of Deosai, which Drew regards as a. 
high level deposit of converging streams that spring from ^e moun- 
tains, has a slope of four degrees for eight or ten miles from the moun- 
tains and is composed of stones mostly half rounded, some well rounded 
and a few angular. The boulders commonly range from one or two 
feet ia diameter down to the size of the fist; but some masses occur 
six, fifteen, and even thirty feet across. A line of springs indicates 
the stratification. The alluvium of the main valley consists mostly 
of clay, often dark or drab, but in some places sandy and elsewhere 
gravelly or pebbly (ibid., p. 461-4d4)- 

: — Persia, According to Blanford's observations in southern 

Asia, the gravel accumulations attain their greatest dimensions in the 
drier tracts. The gravel. slopes in Persia extend five to ten miles from 
the base of the hills at an angle of one to three degrees. The greater 
part of the slopes consist of sand and pebbles, the latter more or less 
angular and mixed with large blocks. Fragments two to three feet in 
diameter are not uncommon even one or two miles from the base of 
the hills (W. T. Blanford, a, p. 496-498). Huntington, from more 
recent observations in Persia, thus describes the alluvial formations in 
that region. "The junction between the gravel and silt is very indefi- 
nite. They appear to merge in places while elsewhere gravel overlies 
silt. Outside the band of finer gravel the borders of the plain are 
formed of coarser gravel, which increases in size and in an^e of slope 
of surface as the mountains are approached. On the very edge the 
gravel becomes a mere mass of rough angular fragments of all sizes up 
to more than one foot in diameter and it is hard to say where the coa- 
lescing fans of the basin deposits come to an end and the creep from, 
the mountain slopes begins. From Bendun to Bering a smooth plain 
extends southeast with a uniform slope so gentle that in thirty miles. 
it amounts to but little more than 800 feet. From the mountains to 
the lake the plain is composed of limestone and slate pebbles, coarse 
and angular near the mountains, well rounded and small near the lake. 
It is hard to understand how gravel, though fine, can be transported 
and spread in a sheet on so gentle a slope" (Huntington, p. 250*251). 

Oldham (b, p. 464-465) describes the great gravel fans, found 
everywhere along the foot of the hill ranges of the drier parts of western 
and central Asia, in the following terms: "They form a continuous, 
fringe along the foot of the hills and often extend many miles over the* 
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plains. At the upper end they are mostly composed of large fragments, 
the interstices filled with gravel and sand, but farther from the hills 
the larger fragments for the most part are left behind and the general 
texture of the deposits is finer. The pebbles even to the outermost 
limit generally remain imperfectly rounded, for when streams flow 
after a rain they are generally so loaded with debris as to be of the 
nature of fluid knud rather than water and in this the fragments of 
rock seem to be carried en nume without being worn against each 
other to the same extent as in a moimtain torrent. . . .Another effect 
of the large proportion of mud and stones moved is that occasional 
large blocks travel in the moving mass far beyond where their fellows 
are left behind. Occasional exceptional floods bring down larger 
blocks than usual, which afterwards are covered by or embedded in 
material of smaller grain." 

: — Europe; Great Britain, In the Upper Old Red Sandstone 

there are thick accumulations of subangular conglomerate or breccia 
that recall some glacial deposits of modem times. The stones in the 
conglomerate are usually well rounded even when one foot in diameter. 
The larger blocks are usually more angular fragments locally derived. 
The smaller rounded stones have often come from a distance; at least 
it is impossible to discover any near source for them (A. Geikie, p. 
1001). It was thought by Ramsey that the deposits were of glacial 
origin and his reasons for ascribing them to such a source are given 
later. It has, however, since been shown by W. Wickham King, 
Oldham, and others that they are the product of fluviatile action and 
that glaciers were only indirectly, if at all, concerned in their formation. 
According to Ramsey the deposits consist of stones embedded in a 
deep red, marly paste. The stones are mostly angular or subangular 
with flattened sides and but slightly rounded edges. In one locality 
none of the fragments exceed six or eight inches in diameter. There 
are in the immediate neighborhood no rocks answering to a majority 
of these. He infers, therefore, that some, at least, have travelled 
twenty or thirty miles (Ramsey, p. 189). At another place the sides 
of some of the pebbles are not only flattened but are sometimes polished 
and occasibnally scratched (ibid., p. 190). At a third locality the 
rock is a rudely stratified breccia with some fragments as much as 
two or three feet in diameter (ibid., p. 194). The area covered is 
estimated at 500 square miles. Later work in more recently opened 
quarries at several of the localities noted by Ramsey has been con- 
ducted by King, who has shown that Ramsey's argument for a distant 
source of materials no longer holds. The deposit is rudely stratified 
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but the beds generally shade off into each other and are not contmuous 
for any distance. The rock exposures separately or in relation to each 
other exhibit all those characters that may now be seen in the great 
gravel fans of western and central Asia described above (Oldham, b, 
p. 464). The striations on the included fragments were thought by 
Oldham to have been produced by glacial action (ibid., p. 470) but 
King refers to the alleged glaciated pebbles as slickensided and states 
that the slickensides occur inside and outside the fragments and in 
the matrix (King, p. 127). 

The origin and source of the Bunter conglomerate of the Midlands 
and South Devon have been the subject of some controversy. Bonney 
describes the Bunter group as Consisting of two wedge-shaped masses 
of sand separated by similarly shaped beds of pebbles (Bonney, b, p. 
370). There is some uncertainty whether they are of lacustrine or of 
fluviatile origin but he thinks they are probably the latter (ibid., p. 
371). The thick ends of the wedge-like masses point northwest, 
indicating a source in that direction; but the gradation in size of the 
included fragments does not agree with that interpretation. The 
sands of the Bunter group are often false-bedded and occasionally 
contain well-rolled grains, suggestive of wind action (ibid., p. 373). 
In a later paper Bonney states that the beds in question are very unlike 
marine deposits, differing most of all in being at once widespread and 
thick and so not resembling any shingle beds of which he has knowl- 
^S^ (^> P- 295). Shrubsole describes the pebble beds at Budleigh 
Salterton in So]ith Devon as consisting of pebbles which lie with their 
long axes at all angles and not at the angle of rest. The pebbles vary 
in size from one-half to one inch in length and are not sorted. The 
shape is variable, — longer than broad, broader than thick, and sub- 
angular. The evidence does not support the view of the early 
observers who regarded the pebble bed as a marine beach (Shrubsole, 
p. 315). 

: — The United States. The High Plateaus of Utah, described 

by Dutton, furnish a remarkable example of extensive conglomeratic 
deposits ascribed to fluviatile action. The rocks attain a thickness 
of 2,000 feet over an area of 2,000 square miles (Dutton, p. 69). The 
fragments range in size from mere grains to blocks weighing several 
tons. Both fragments and matrix consist of volcanic materials with- 
out the admixture of debris from ordinary sedimentary or metamorphic 
rocks (ibid., p. 74). None of the fragments exhibit the sharp edges 
of fresh fracture. While well-rounded fragments are uncommon, it 
is not certain that any noticeable portion of them is absolutely free 
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from attrition. Thi^ average attrition is generally small, far less than 
that of conglomerates in fossiliferous rocks (ibid., p. 75), and the rock 
grades into a breccia. The limited attrition may be explained by the 
scarcity of quartz sand in the detritus of the volcanic, rocks. The 
accumulation b not the product of volcanic explosions (ibid., p. 76) 
but is derived from the waste of a mass of volcanic rocks under the 
normal processes of degradation manifested in mountain regions. 
The. material borne by the torrents through the ravines and gorges is 
spread out over the plains as depressed alluvial cones, so flat or so 
gently sloping that their conical form is not at first recognizable (ibid., 
p. 77-78). The rock is susceptible of a peculiar kind of metamor- 
phism. The matrix becomes similar to the included fragments, 
holds the same kind of crystals and under the microscope generally 
has the same texture and composition. Crystals are frequently seen 
lying partly in the original pebble and partly in the original matrix 
and the surface of fracture shows no inequality of hardness or cleav- 
age. The fragmental character of the material has disappeared (ibid., 
p. 79-80). 

In his discussion of the formation of conglomerates Dutton empha- 
sizes the relatively local nature of all conglomerates by the remark 
that "it would seem to require extraordinary circumstances to justify 
the belief that a conglomerate could be formed as far as fifty miles 
from the source of its fragments, and it is probable that most of the 
stratified beds are formed in the very neighborhood of those sources 
(ibid., p. 215). The proportion of coarse materiab in one of the 
broad flat cones becomes greater toward the higher parts of the slope. 
The stream shifts its course on the cone and builds first one place, 
then another, but with approximately equal and uniform results. 
Sections along the radii of a cone give the best stratification. When 
transverse sections are cut the stratification, though still conspicuous, 
is much less uniform and harmonious. The cone appears built of 
long radial or sectoral slabs superposed like a series of shingles or 
thatches. Cones derived from the waste of sedimentary strata seldom 
contain coarse debris, while those of harder rocks are largely composed 
of it (ibid., p. 220-222). 

The "High Plains", described by Johnson (p. 612) as uneroded 
remnants of an extensive debris apron that formerly extended 
along the eastern front of the Rocky Mountains, constitute another 
example of extensive fluviatile deposits in an arid region. The apron 
has been formed by the coalescence of a series of alluvial fans along 
the mountain front (ibid., p. 615). The development of these fans 
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shows that in successive periods successive sets of stream threads 
wandered repeatedly over the whole and that as each "patchwork 
addition" was but slight the construction was carried forward with 
substantial uniformity. Every stream has a line of swiftest motion 
along which its coarsest material is dropped, while on either hand 
the finer material is deposited. The debris slope, then, was built, 
not of bedded sheets, as the alternate occurrence of coarse and fine 
material would seem to' indicate, but of interlaced gravel courses 
penetrating a mass of fine material (ibid., p. 618). The thickness 
of the deposit sometimes reaches 500 feet (ibid., 'p. 628). The max- 
imum size of the gravel is that of cobbles but such material is uncom- 
mon. Individual boulders of larger size, not well rounded, occur 
in various places as if transported thither by river ice or uprooted 
trees. They are often of softer rock, such as sandstone, while the 
gravelly ihaterials are invariably hard. Finer textured gravels are 
relatively abundant (ibid., p. 634). The gravels are disposed in 
courses, following the direction of slope of the plains,' and consist of 
materials that have travelled far (ibid., p. 627) and are well rounded.^ 
All Sections natural or artificial show a no less frec^uent occurrence at 
one level than at another. There is no observed graded variation in 
size of the gravel up or down in the section but there is a gradual 
diminution in'size from the mountaihs outward, and the rate of diminu- 
tion seems the same at all levels (ibid., p. 633). The gtavel beds 
are invariably found elongated in the direction of slope of the plains, 
or approximately that direction, and are prevailingly crOss-bedded. 
'The sand beds have similar structure but are deeper and broader 
with gravelly courses interwoven (ibid., p. 634). While the doarser 
materials are impoitant and widespread, fine clay constitutes the bulk 
of the mass through which the coarser materials extend in layers of 
varying thickness and at varying intervals (ibid., p. 635). While 
thicker beds of coarser material occur in the loWer part of the sections 
they are farther apart than in the upper portion. Occasional thick 
beds appear in the upper levels also (ibid., p. 637) . The finer materials 
have a similar arrangement to that of the coarse. Elongated clay beds 
are separated by thin sand beds and occasionally by fine gravel. The 
•clay beds are not, however, litnited to lenticular ^hape biit frequently 
appear as thin masses spread between layers of sand or gravel (ibid., 
p. 638-639). 

> The illustration facing p. 634 in Johnson's report shows the pebbles as subangular 
•on the whole. 
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With reference to the large boulders, whose transportation is ascribed 
by Johnson to river ice or uprooted trees, the observations of Stone go 
to show that such agents are not required to account for the presence 
of the boulders. He cites examples of cloudbursts in Colorado where 
the streams produced were successively dammed by hail, then broke 
through the obstructions with rapid current and transported slabs of 
sandstone four feet square and two feet thick. One such stream 
200 to 300 feet wide and 20 feet deep (in the deepest place) issued 
from the narrow valley of Templeton's Gap near Colorado Springs. 
It became wider on the plain but was swift enough to carry the above 
mentioned boulders one-third of a mile. Previous to the flood the 
plain at this point was composed of sand loosely grassed over. The- 
boulders were dropped upon the sand plain which was but little eroded 
by the swift currents; then, as the flood slackened, sand was deposited 
upon and around the boulders to the depth of. from one to three feet. 
Numerous similar observations in Colorado show boulders of consider- 
able size surrounded by fine sand and gravel or even embedded in day. 
It thus appears that swift currents can flow over a stratum of fine sedi- 
ments having an even or level surface without eroding much. This 
is largely due to the fact that the lower part of the water is nearly 
stopped by friction. The stream cannot get at the sediment while 
it remains coherent. Stone considers it certain that large stones and 
even boulders may be deposited by running water in the midst of sedi- 
ments as fine as sand, or even in clay. The requisite is a rapid cui^- 
rent moving over an even surface and acting for a rather short time. 
(Stone, p. 17-18). 

An interesting case of deep fluviatile deposits is that of the Great 
Valley of California described by Ransome. Borings in the San 
Joaquin Valley at Stockton have penetrated 2,000 and 3,000 feet 
respectively without reaching the bottom of the unconsolidated 
fluviatile sediments. The latter consist of fine sands and clays with 
occasional beds of coarser sand and gravel (Ransome, p. 381) but 
there appears to be no definite gradation in size of materials vertically. 

Delia Deposits. Where rivers carry sediment into lakes or into- 
those parts of the ocean where the action of currents, waves, and tides 
is insufficient to sweep away the material delivered by the streams, 
deltas are formed. An extended account of their surface and struc- 
tural features, geographical distribution, classification, and origin, 
together with the effects of elevation and subsidence of coast lines is. 
given by Credner. More recently Gilbert has described their general 
characteristics in connection with other features displayed by the- 
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abandoned shore lines of the Quaternary lakes of the Great Basin. 
Where a river joins a lake or the ocean the heavier and coarser part 
of its load, that which Ls pushed or rolled along the bottom, is deposited 
and slides down the front of the delta by its own weight. The slope 
of the face of the delta is the angle of repose of this coarae material 
subject to modification by waves. The finer detritus is carried be- 
yond the delta face and sinks slowly to the bottom, the deposit being 
thicker near the delta and gradually diminishing outward so that the 
slope of the delta face meiges in a curve with the bottom beyond. 
As the delta is built outward the steeply inclined layers are superposed 
over the more level strata of the bottom and in turn come to support 
the gently inclined layers of the delta plain, so that any vertical section 



^. 



of a normal delta shows at the top a zone of coarse material, bedded 
with gentle inclination, then a zone of similar. coarse material, the 
laminations of which are at a high angle and at the bottom a zone of 
fine material, the laminations of which are gently inclined and unite 
by curves with the middle zone (Gilbert, a, p. 106). Such a section 
is represented in Figure 2, taken from Gilbert's description (ibid., p. 
107). Sometimes marine sediments are intercalated among the delta 
deposits, as in the ease of the Mississippi delta. Again, deep borings 
have been made in deltas without encountering any traces of marine 
conditions. According to Medlicott, the Ganges-Brahmaputra delta 
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has been bored to the depth of 481 feet. The whole mass was found 
to consist of fine saads and clays with occasional pebble beds, a bed 
of peat and remains of trees; but there was no trace of marine bi^D- 
isms (A. Geikie, loc. cit., p. 518). Since deltas are built forward by 
the deposits of streams and distributaries which may alter tfa^r 
courses from time to time.the bedding will tend to be that of an imbri- 
cated series of lenticular- masses rather than that of a unift3rm series 
of layers. 

Laciutrinr Dejxmts. Ddta deposits, which are so frequent along 
lake shores, have been described above. The littoral processes <rf 
lakes differ from those of the oceans only in the absence of tides. It 
is natural, thwefore, that Uie deposits formed by these processes should 
be essentially similar in both cases. The main effect of the tides upon 
the deposition of sediments is probably to sort the materials more 
thoroughly. We should expect, therefore, that lacustrine formations 
would be, on the Whole, less perfectly sorted than marine accumula- 
tions. The characteristics of lake sediments have been discussed to 
some extent by Delebecque in his work entitled "Les lacs Fran^ais," 



Flo. 3. — Diagraminatlc section illuaiiailve of Ihe freah-wUer CTCle ol sedi- 
menlallon: aa'. coarse grave); bb'. finer gravel and sand; c. clay (atMr 
Rulot and Broeck, p. 67. 34B). 

but this paper is not available at the present writing. An important 
contrast may be noted in the arrangement of beds in the normal 
fresh-water cycle compared with that in the marine cycle. In the 
latter finer beds are necessarily laid over coarser during the gradual 
transgression of the sea upon the land, so that a section normally 
shows coarse sediments at the bottom with finer beds above. Figure 
1 displays such a section with some minor interruptions. In the case 
of lakes, the sediments brought in by rivers tend to encroach upon 
and fill up their basins so that the coarser materials, which are deposited 
nearest the shore, advance lakeward with the contraction of the coast 
line and thus become superposed upon finer materials which were 
deposited when the former shores were more distant. Such a section 
would show finer materials overlaid by coarser materials, as illustrated 
in Figure 3, after Rutot and Broeck. 
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Estuarine Deposits. Not many accounts of estuarine deposits 
were found by the writer. Sollas, in a study of the estuaries of the 
Severn and its tributaries, accounts for the muddiness of the Severn 
estuary by the ineffectiveness of tidal erosion. He quotes (Sollas, 
p. 612--613) the experimental results of W. R. Brown, who found that 
for two-thirds of the ebb, though the surface water runs out rapidly, 
the water at the bottom is practically at rest; only during the remaining 
third of the ebb does the bottom water flow outwards with sufficient 
velocity to scour the channel; this, moreover, lasts so short a time that 
hardly as much mud and sand are removed as have been laid down dur- 
ing the flood and the earlier part of ebb tide. Hence the sediment is in 
continual oscillation up and down the estuary (A. Geikie, p. 510-511). 
Sollas describes the mud, discusses its source and concludes that it is 
largely marine on account of the organic remains. The mud contains 
(Sollas, p. 613) argillaceous granules, small angular fragments of 
quartz containing cavities, a few similar fragments of flint, silicious 
fragments of a glauconitic color, minute crystals of quartz and tour- 
maline, together with sponge spicules, and minute organisms. Sections 
of the alluvial flats (ibid., p. 622) show gravel at the bottom, containing 
rolled pebbles, angular and subangular blocks of Millstone Grit, and 
vein quartz. Some blocks ttre more than one cubic foot in size and 
one subangular fragment is well smoothed and striated as if by ice. 
Sands, clays, and peat also occur in the section but the sands (ibid., 
p. 623) are not a constant feature; they are either marine or tidal 
and are probably explained by local current action. Sollas does not 
account for the presence of the gravel. 

Willis, discussing the Devonian sediments of Pennsylvania and 
Maryland, remarks: **The unassorted mingling of sandy and clayey 
fMirticles is the result of rapid deposition at the mouths of muddy 
streams in opposition to waves that are too weak to sort and distribute 
the volume of sediment. This is a condition of delta building. The 
frequent and irregular interbedding of coarse sands, sandy clays and 
clays, the cross-stratified beds, the ripple-marked and sun-cracked 
mud surfaces, the channels scoured by transitory streams, all prove 
the abundance of sediments, the shifting conditions of deposit, the 
irregularity of currents, the wide expanse of tide-flats and shallow 
waters and the weakness of the waves" (Willis, c, p. 63). 

Russell (b, p. 46-47) outlines the argument for the estuarine and 
swamp origin of the Newark system as follows: (1) the absence of 
marine or fresh-water fossils suggests brackish water and unstable 
conditions; (2) the fossil fishes are closely allied to the existing ganoids 
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of rivers and lakes; perhaps they were of migratory habits like the 
present salmon; (3) the alternations of sediments, which are frequently 
cross-bedded and preserve foot-print and raindrop impressions, in- 
dicate the prevalence of high tides; the presence of land plants in 
the more carbonaceous portions of the deposit, and of fossil wood in 
sandstone in many localities indicate the proximity of land. Russell 
also reports (ibid., p. 33) from the Connecticut valley a coarse con- 
glomerate which sometimes contains rounded boulders two to three 
feet in diameter and occurs along the eastern mar^n but is seldom 
found on the western border. In the southern areas, on the other hand, 
the Newark rocks have conglomerate exposed on the western border 
but seldom on the eastern border. 

Glacial Deposits. In the attempt to discover the origin of coarse 
and irregularly deposited materials appeal has often been made to 
glacial action, sometimes without due regard to the features that might 
be expected to appear if glaciers were really concerned. It becomes 
important, therefore, to examine the characteristics of the accumula- 
tions of the glacial period and of earlier deposits assigned to glacial 
origin, in order that true criteria for judgment may be obtained. 
Neglecting morainic heaps of great boulders and the erratic blocks 
that are so numerous in certain localities, the discussion will be con- 
cerned chiefly with those deposits that either are conglomeratic or 
resemble conglomerates in some of their characteristics, and with the 
finer associated sediments. 

One of the most important glacial deposits is till. This material has 
been described by numerous writers. According to J. Geikie (p. 7- 
15) it is a tough, tenacious, stony clay that has evidently been sub- 
jected to great pressure. It often becomes coarser and sandier and in 
certain districts may be described as a coarse agglomerate of subangu- 
lar and angular stones set in a scanty matrix of coarse earthy grit and 
sand. Sometimes the stones are so numerous that hardly any matrix 
is visible. The stones vary in size from mere grit and pebbles up 
to blocks several feet or even yards in diameter; the last are less 
abundant than the smaller materials. Perhaps stones varying from 
two or three inches to six or eight inches predominate. They are 
neither round nor oval, like river gravel or sea shingle, nor sharply 
angular. The sharp edges and comers are smoothed and the stones 
are scattered in pell-mell confusion. They are smoothed, polished, 
and striated and have the more pronounced striations parallel to their 
length. The materials are generally local in character and some- 
times there is a rude stratification. When the layers separate, the 
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surfaces usually show a polished or glazed appearance. If the day 
of one stratum be washed and sifted it is found to be composed of 
grains of all slyipes, sizes, and weights down to the most impalpable 
flour. The till often contains nests, lenticular layers, and occasional 
thick beds of gravel, grit, sand, and brick day, frequently curled up 
and contorted as if rolled over upon themsdves along with the day 
in which they are inclosed. Though the stones usually are distrib- 
uted without reference to their relative weight and size, one may 
occasionally observe within a given area large erratics arranged with 
their longer axes lying in the same direction. The same thing has 
been noted with regard to the smaller fragments of grit and clay. 

Stone (p. 30) calls attention to the indiscriminate mixture of coarse 
and fine fragments in the till and adds that the lower layers contain 
more fine material and a much larger proportion of distinctly scratched 
or glaciated stones than the upper layers. A. Geikie notes (p. 548- 
549) that "the detritus b for the most part fresh and angular. Its 
trituration by the glacier reduces the size of the particles but retains 
their angular character, so that, as Daubr6e has pointed out, the sand 
that escapes from the end of a glacier appears in sharp, freshly-broken 
grains and not as rounded, watowom particles." 

A few years ago Crosby made an investigation of the constituents 
of till taken mostly from the greatest accessible depth in a number of 
drumlins in the vicinity of Boston. Some of his conclusions are out- 
lined as follows: — 

(1) "it is doubtful if stones and boulders more than two inches in 
diameter often form more than five to ten per cent, of the till and the 
instances will certainly be very rare and local where they form more 
than twenty per cent." (Crosby, j, p. 120). 

(2) "the normal till of the Boston Basin is composed, after the 
larger stones are excluded, of about 25 per cent., or one-fourth, of 
coarse material which may be classed as gravel; about 20 per cent., or 
one-fifth, of sand; 40-45 per cent, of extremely fine sand or rock-flour, 
and less than 12 percent, of clay" (ibid., p. 123). The gravel particles 
are described as ranging in size from one twelfth of an inch to nearly 
two inches in diameter, having subangular forms, and tending, when not 
of exceptionally hard or brittle character, to present flat forms, smooth 
and often distinctly striated on two or more sides, while the remain- 
ing aspects are quite angular or exhibit little wear (ibid., p. 125). The 
sand consists chiefly of angular quartz grains with fragments of some 
other minerals. The rock flour is composed of still more nearly pure 
quartz and even the day seems to contain impalpable quartz (ibid.> 
p. 127-129). 
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(3) A comparison of glacial silts with Miocene clays from Gay Head 
shows that while the former contain a high percentage of rock flour 
in comparison with clay, the latter are more argillaceous. On the 
other hand the evidence from the Cretaceous clays of New Jersey is 
conflicting. While therefore, ''glacial silts of every age must be, as a 
rule, if not always, highly siliceous, the converse is less true," (ibid., 
p. 136-137). 

The pebbles or stones in the boulder-clay are thus described by A. 
Geikie (p. 1311): "They are usually oblong, have one or more flat 
sides or 'soles,' are smoothed or polished and have their edges worn 
round. When they consist of fine-grained, enduring rock, they are 
almost invariably striated, the striae running on the whole with the 
long axis of the stone, though one set of scratches may be seen cross- 
ing and partially effacing another. . . . These markings are precisely 
similar to those on the solid rocks beneath the boulder-clay." Sim- 
ilar features are noted by Stone (p. 25). 

The so-called "glacial gravels" are, strictly speaking, water-laid 
deposits, yet they are so intimately associated with glacial action that 
they may appropriately be treated in this section. They are extensively 
developed in northwestern Europe and northeastern North America 
and have formed the basis of a considerable literature, from which a 
few citations will suffice to give an idea of their general character. 

In the discussion of eskers, J. Geikie states (p. 169) that "the steeper 
ridges are composed chiefly of gravel, generally coarse with little or no 
trace of bedding. In many places they may consist of tumultuous 
heaps of coarse gravel, shingle and water-worn boulders or of a^lomer- 
ates of large blocks and angular and subangular debris mixed with 
earthy grit and sand. The abrupt embankments on the other hand 
are usually built of finer gravel and sand and are often beautifully 
bedded." There is a frequent passage (ibid., p. 170) into true mo- 
rainic material; large and small angular fragments of rock occur in 
the heart of the water-worn gravel. The bedding is confused and 
the stones have a less rounded asp>ect in the upper part. 

Terraces are described by J. Geikie (ibid., p. 175) as deposits not 
always well water worn. Sometimes indeed they consist only of ang- 
ular and subangular stones and a kind of earth or earthy sand and 
clay. 

Kames (ibid., p. 183) are usually stratified and in some fine grained 
accumulations there are beautiful examples of false bedding. In 
many cases coarser heaps of shingle are piled in confusion without 
traces of stratification. It is remarkable that the gravel stones whether 
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small or large are almost invariably well rounded and water worn. 
In the occasional exceptions the deposits are not only unstratified but 
earthy, and the stones angular and subangular, some even showing 
faint ice-markings. Such deposits are associated (ibid., p. 184) with 
heaps of well-worn sand and gravel, showing that they belong to the 
same series. Clays are sometimes associated with the sand and gravel 
but there are no organic remains in either. 

Speaking of the shapes of drift fragments, Stone remarks (p. 40) that 
in glacial gravels we find all degrees of water wear. Most of the stones 
and grains found in kames and osars show a very large amount of 
attrition and rolling and are very much rounded. 

The intimate relation of till and glacial gravels is shown by Penck 
(p. 132) : — the till with angular, striated boulders overlies and is inter- 
bedded with coarse gravel, sand, and clay, both horizontally bedded 
and showing false stratification. He cites (ibid., p. 137) the obser- 
vations of several writers to the effect that striated pebbles soon 
lose their glacial markings when subjected to the action of water. 

One of the most characteristic features of glacial regions is the 
effect of the ice movement on the underlying rocks, which frequently 
acquire a smoothed and often highly polished appearance. The 
whole surface is marked with striae, especially the dose grained rocks, 
such as limestone. Sandstone and highly jointed rocks are usually 
much less marked and often show a broken and shattered surface 
below the till (J. Geikie, p. 1^19). 

Another feature of glacial action is to be noted in regions where 
glaciers descend to sea level, or enter large lakes. The icebergs 
that float away from the end of the glacier are more or less charged 
with debris, embedded within their mass. As thev melt, the morainic 
material is dropped upon the bottom of the lake or the sea. It may 
often happen, therefore, that coarse, angular material, bearing glacial 
markings, may be dropped among the finer sediments at some distance 
from shore and may thus become embedded in a well-stratified, argilla- 
ceous matrix, in which may also be contained the remains of marine 
or lacustrine organisms. Stranded icebergs produce local conto> 
tions and interruptions in the bedded deposits on which they rest. 

Sea ice frozen to the shores may bear away great quantities of loose 
debris, when the floes break up and are driven away by the wind. Tarr, 
sailing for a thousand miles along the American coast north of the 
straits of Belle Isle, much of the time among ice-floes, estimated that 
about one per cent of the cakes carried debris of some kind, while in 
some cases ice cakes were black with it (A. Geikie, p. 578). Similar 
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phenomena may occur in lakes under favorable conditions. River 
ice may also inclose more or less coarse stony waste, which the streams 
may deposit along their courses or may bear away to some lake or to 
the ocean. Again, trees, uprooted and borne along by floods or under- 
mined by wave action at the base of cliffs that they surmount, may 
embrace among their roots large fragments of rock, which may thus 
be floated away and deposited among finer sediments. Moreover, 
the masses thus transported and deposited may already have been 
marked with striations, due to the jamming of ice cakes either along 
shores or against river banks. 

The mere occurrence, therefore, of striated boulders among fine 
bedded lacustrine or marine sediments cannot be regarded as indubi- 
table evidence of glacial action. The relative number and shape of 
the fragments and the character of the striations must be considered. 
In the case of fragments distributed by icebergs, the shape is generally 
that of pebbles embedded in boulder-clay — faceted, with snubbed 
ends and rounded edges — and the striations are commonly more 
strongly marked parallel to the length of the fragment, though tw^o or 
more directions may be indicated on the same stone. Occasional 
larger masses not so shaped and striated might occur, for it is possible 
that an iceberg might carry some masses that had fallen on the sur- 
face of the glacier and had not been subjected to movement under the 
pressure of superincumbent ice. In the case of debris distributed by 
shore or river ice the, shape of the fragments would generally be that 
of beach shingle or of stream pebbles — rounded or subangular — 
and the striations would not so commonly be in the direction of the 
long axis of the pebble. Here again, larger or more angular masses 
might occasionally appear, for fragments freshly broken from the 
parent rocks might be embedded in ice and floated away before they 
were shaped by water action. In the case of materials distributed by 
floating trees the same comments as to shape and striations would 
apply as in the case of shore or river ice-rafted waste. The number of 
fragments thus distributed is, however, probably much less than 
that disposed of by any of the above noted methods. 

Deposits assigned to glacial action in ancient periods occur in a 
number of countries. These will now be described in order to obtain 
the criteria by which their glacial origin was determined. 

: — India. At the base of the Gondwana system and resting 

unconformably on older Palaeozoic rocks there is a group of peculiar 
sediments discovered in 1856 bv W. T. and H. F. Blanford and named 
by them the Talchir group. These rocks have been described by 
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Medlicott and W. T. Blanford, R. D. Oldham, C. D. White, and 
others. The main characteristics as summarized by White (p. 302- 
303) are quoted in substance as follows: — The Talchir boulder beds 
underlie coal-bearing strata, are often ,500-800 feet thick and consist 
of clays, fine silts, boulders, sandy shales, conglomerates, and soft 
sandstones. They are distinguished everywhere by semi-angular and 
somewhat rounded pebbles, boulders and rock masses of quartzite, 
Vindhyan rocks, granite, gneiss, and metamorphics. The boulders 
are usually foreign to the localities where found, are generally but 
slightly rounded and are smoothed, furrowed, and striated in parallel 
straight lines. Often the boulders are faceted, perfectly polished 
and striated in two or more directions, similar to fragments shaped 
and marked by glaciers. The boulders are not at the angles of repose 
incident to current action, but lie at all angles, embedded in silt too 
fine to admit other explanation than the action of floating ice. In 
the neighborhood of Madras quartzite boulders with a volume of 
800-1,000 cubic feet occur in a matrix of friable clay. At another 
locality a mass of rock 10X7^X3 feet is found which is similar to no 
rock nearer than the Arvali Mountains, 150 miles south. 

This description may be supplemented by a few additional details 
taken from the accounts of R. D. Oldham. The matrix of the boulder- 
bed is described (b, p. 468) as "always tolerably and often extremely 
fine grained itself distinctly stratified and interstratified with well- 
bedded rock. Through this are scattered blocks of all sizes, alwajrs 
embedded in and well separated by the matrix. Where finely lami- 
nated, the bedding is observed to bend down under and arch over the 
included fragments. The matrix was deposited in quiet water. 
Driftwood and volcanic agency are excluded; the only adequate 
explanation is floating ice. Many boulders are striated and in two 
localities the beds rest on a striated roche-mouionrUe surface." The 
soft sandstones accompanying the Talchir group contain undecom- 
posed feldspar (ibid., a, p. 157). 

Glacial boulder-beds of corresponding age have been described 
from several rather widely separated localities in India and similar 
rocks have been reported from Kashmir (ibid., a, p. 135). It seems 
therefore that the glacial formation extends over a wide area in that 
region. 

: — Australia, Boulder-beds similar to those of India occur in 

New South Wales. "Large boulders of foreign rock with distinctly 
glacial smoothings and striations occur, embedded in fine grained silt 
along with delicate Fenestellae and bivalves whose valves are still united 
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in the position in which they lived ahd died" (Oldham, a, p. 121). 
The deposits of several localities are described by David, who, in 
addition to his own observations, gives a bibliography of the subject. 
At Hallet's Cove Jiear Adelaide the boulder-beds rest on a striated 
pavement on which the striae run from north to south. The glacial 
beds consist of reddish brown clay slates, sandy in places and fairly 
well stratified, especially in the upper part. Downward they pass 
into sandy grayish brown sandstones, containing well-striated boulders 
in abundance. The latter are distributed only sparingly in the upper 
part of the deposit. The boulders range in size up to masses of eight 
tons' weight and have a possible source thirty-five miles south. The 
thickness of the boulder-beds ranges from twenty-three to one hundred 
feet. There are no traces of organisms in the matrix, which is local 
in character (David, p. 294). At Wild Duck Creek, Victoria, the 
striated pavement is again noted. The glacial beds consist of mud- 
stones, with erratics reaching the size of thirty tons, and sandstones. 
Nearly all the erratics and small boulders are beautifully polished 
and faceted. The formation has been traced over an area fifteen 
and one-half miles long and five miles wide. Its thickness varies 
from 300 to 400 feet and the materials appear to be derived from a 
southerly source (ibid., p. 296). 

The Bacchus Marsh Beds in Victoria also rest on a striated pave- 
ment with uneven surface. They consist of mudstones, conglomerate, 
and sandstones. The mudstones are hard and soft, varying in color, 
with a small proportion of fragments of undecomposed feldspar, 
minute chips of black shale and small pieces of carbonized plants. 
The soft mudstones consist of clayey material with quartz grains, 
mostly subangular, and contain sparingly glacial erratics. The hard 
mudstones contain numerous firmly embedded erratics that are fre- 
quently flattened and have diameters up to five and one-half feet in 
length, though the fragments are usually less than one foot long. 
The maximum thickness of individual beds is 193 feet (ibid., p. 296). 
The conglomerates are composed of well-rolled pebbles one to six 
inches in diameter. They have an irregular under surface because 
they rest upon the irregularities of the lower beds. The maximum 
thickness of individual beds is twenty feet. The sandstones are hard 
and soft, coarse and fine, frequently laminated, and occasionally 
showing distortion, especially in the neighborhood of irregular pockets 
of conglomerate. There are well-preserved plant remains in the last 
two horizons. The thickness of the individual beds is thirty to one 
hundred feet. The thickness of the entire series, according to the 
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later detenninations, is 1,427 feet (ibid., p. 297). The extent of the 
glaciated area in Australia is from latitude 42^ S in Tasmania to 26^ 
31' S in Queensland and from 137^ 30^ E longitude to 151° 31' E 
longitude (ibid., p. 300). 

: — Sovih Africa. A considerable literature has already ap- 
peared with reference to the nature and origin of the Dwyka Con- 
glomerate, which forms the base of the Karoo system and overlies 
unconformably sandstones and shales that have Devonian affinities. 
The most recent publications that have come within the notice of 
the writer are by Mellor, Rogers, and Emmons. The last gives a 
general summary of the literature up to 1896. As described by 
Rogers, the rock is usually bluish or green, compact and fine 
grained, composed of quartz and microcline, with a small quantity 
of other feldspars, epidote, garnet, calcite, and other minerals em- 
bedded in mud (A. W. Rogers, p. 147). The mud contains a vast 
number of boulders and pebbles of a great variety of rocks, scattered 
irregularly through the conglomerate without any arrangement in 
beds. There are many rounded boulders but there are also many 
flattened on one or more sides, with scratches of various depths, gen- 
erally in two or more directions (ibid., p. 142). In all respects these 
boulders and pebbles are similar in form and in the nature of stria- 
tion to those found among the glacial formations of northern Europ>e 
and America (ibid., p. 150). Some pebbles attain a diameter of ten 
feet (ibid., p. 167). 

The upper portions of the formation (Mellor, p. 685) are "locally 
associated with beds of massive sandstone and lenticular patches of 
cream colored shales and mudstones, which appear to have been 
deposited in pockets in the conglomerate and to consist of the finest 
glacial mud. The laminae are readily separable; they are smooth 
and similar in appearance and color to lithographic limestone or they 
are covered with delicate tipple-marks, as many as forty in the space 
of one inch." The underlying surface gives dear evidence of the 
direction of ice movement, from north southwards. The striae main- 
tain a constant direction over large areas (ibid., p. 688). From the 
statements of Molengraaf and Rogers it would appear that the strati- 
fied portions of the conglomerate are not so local in their occurrence 
as is perhaps implied in Mellor's description. Molengraaf speaks 
(p. 260) of the unstratified mass as alternating with stratified beds 
which sometimes contain many boulders and pebbles. Rogers states 
(p. 154) that it is justifiable to regard those portions of the conglomerate 
that rest upon a striated floor as terminal or ground moraines, but 
that it is uncertain whether the whole of the conglomerate in the region 



130 bulletin: museum of comparative zoology. 

was fonned under quite the same conditions. He thinks (ibid., p. 153) 
that boulders and pebbles as well as some components of the matrix 
of the conglomerate reached their present positions by means of ice- 
bergs and drifting floes. 

The microscopic characteristics of the ancient boulder-clay are 
mentioned by Molengraaf and Green. The former states (p. 260) 
that the mud contains numerous small angular fragments of different 
rocks and minerals, chiefly quartz, and that the clastic structure is 
modified by recrystallization, which gives the rock a strong resem- 
blance to volcanic tuff or breccia. Green (p. 242) notes the markedly 
angular and varied shape of the fragments. He states that they are 
nearly all limpid quartz containing fluid cavities; ''the fractured 
nature of the quartz grains comes out beautifully under moderately 
high power, but often other parts of the edge in the same grain are 
smoothed and softened off as if by the action of some solvent." The 
writer has examined a slide made from a specimen of the Dwyka 
conglomerate kindly placed at his disposal by Professor Davis. In 
addition to the characteristics already noted the following features 
were observed. Several minerals besides quartz were present, includ- 
ing among others microcline, plagioclase, garnet, and biotite. The 
feldspar fragments showed little or no kaolinization and the mica 
flakes were frayed at the ends. 

The glacial boulder-beds of tHe Dwyka Conglomerate are not, 
strictly speaking, conglomerates, according to the definition given 
above (page 107). They are really such rocks as would be formed 
by the consolidation of masses of boulde>clay or till of the last gla- 
cial epoch. The name "tillite," suggested by Penck during a recent 
visit to the South African field is more definite and distinctive. 

An important and characteristic structure, since shown to be sec- 
ondary, is described by Green. He says (p. 242) that "in many 
places no bedding is discernible, but where the rock is exposed 
it has a bedded look, parallel bands making their appearance on 
the weathered face, differing from one another in color, and some 
weather faster than others. Slabs resembling rudely shaped tomb- 
stones stand in parallel rows along the hillside." The thickness of 
the formation is 500-800 feet (C. D., White, p. 306). 

: — Correlation; India, Australia, South Africa. It appears that 

similar beds of glacial boulder-clay have been found in India, Aus- 
tralia, and South Africa. The general belief that they were contem- 
poraneous is well summed up by Oldham. He says (a, p. 206), **In 
Africa, India and Australia alike, certain beds contain abundant 
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&nd conspicuous traces of glacial action. Plant remains show that 
in South Africa, the Indian Peninsula and Victoria these are of 
-approximately the same age, and marine fossils show the same with 
regard to the beds of New South Wales and the Salt Range. The 
^deposits in every case were formed during a period of great cold, 
which was succeeded by a much more temperate climate and it is 
almost impossible to doubt that this wide-spread change of climate 
must have been due to some far-reaching, if not cosmic, cause. 
Consequently it is justifiable to use the glacial deposits for the pur- 
poses of correlation and to conclude that the boulder beds of the 
three continents were formed contemporaneously." 

: — England, The conglomerate or breccia in the Upper Old 

Red Sandstone of England was believed by Ramsey to be of glacial 
origin. It has already been shown that the rocks in question are more 
locally derived than Ramsey thought and that they are in all probability 
of fluviatile origin. Nevertheless it is interesting to note the facts that 
led him to advocate the glacial idea. The arguments may be stated 
under four heads: — (1) Many of the fragments are of great size; the 
largest observed weigh one-half to three-fourths of a ton; (2) rounded 
fragments are exceedingly rare; the fragments are angular and sub- 
angular and have the flattened sides so characteristic of many of the 
glacial fragments of existing moraines; (3) many are highly polished 
and others are grooved and finely striated like the stones of existing 
glaciers; (4) the hardened cement, marl, may be compared to boulder- 
clay. 

: — Norway, At the head of the Varanger Fiord in northeast- 
em Norway are some ancient glacial deposits, discovered and described 
hy Reusch and later visited and commented upon by Strahan. Accord- 
ing to the latter (p. 140 et seq.), the thickness of the formation nowhere 
exceeds ten feet. The base is remarkably straight but the upper 
■surface undulates and the overlying sandstone is deposited tranquilly 
upon it in such a way as to level up the irregularities. For an inch or 
two at the base the overlying sandstone contains material washed up 
from its surface. The formation itself is described as a "dark bluish 
or ashy gray, friable rock, composed of a heterogeneous mixture of grit, 
sand and clay, of all degrees of coarseness and containing boulders 
ranging up to two feet in length scattered through it. Though quite 
unstratified, it shows here and there a slight schistose structure" 
(merely an obscure fissile structure is meant in consequence of which 
the rock splits more easily than in other directions; the microscope 
shows no crushing). "The included boulders, which are all shapes 
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and lie at all angles, consist principally of red and gray granites and 
quartz-grits resembling those of the Gaisa formation." No striated 
blocks were seen but on account of the hardness of the adhering^ 
matrix Strahan had time to examine only fwo or three specimens. 
"The boulder rock rests on regular bedded sandstone of the usual 
type and weathered back so as to expose several square yards of a 
remarkably even surface of rock. The platform is not only smoothed 
but conspicuously and characteristically striated and the striae can be 
followed under the boulder rock. The striae unquestionably cut inta 
the rock independently of any structure possessed by the latter and 
are in all respects glacial markings." The age of these rocks is 
uncertain. They may be Cambrian or older or as late as the Triassic. 
''In general lithological character they belong to the type of great con- 
tinental formations." 

In southwestern Norway, on the islands and peninsulas near the 
Sogne Fiord, there are some conglomerates that have been made the 
object of a special study by Helland, whose paper was kindly trans- 
lated for the writer by Mr. B. Palsson. This formation varies in 
thickness from 1,000 to 6,000 feet and is distributed in four entirely 
separate districts, which have a total area of 1,1^ square kilometers. 
The conglomerates rest (Helland, p. 25) on slates in open synclines 
which are tilted westward. The southern district consists entirely 
of conglomerate, the northernmost of sandstone and the intermediate 
districts of both conglomerate and sandstone. The pebbles are of 
many kinds of material and are sometimes so angular that the forma- 
tion is almost a breccia. The size and character of the pebbles and 
the characteristics of the matrix are variable in the different districts 
and in the same district (ibid., p. 30). The materials vary in size from 
microscopic particles to masses over 1.5 meters in length and a little 
over a meter in breadth (ibid., p. 35). The conglomerate is not strati- 
fied. Pebbles of the same size are seldom together; on the contrary, 
materials of different size, character and specific gravity lie side by side 
(ibid., p. 38). The matrix (ibid., p. 45 et seq.) is either slaty or siii- 
dous and is variable in quality and abundance. In some places there 
is very little of it while in others it constitutes about one-third of the 
rock. The slaty matrix consists of clastic fragments of quartz, feld- 
spar, and other minerals, together with a fine paste of amorphous 
matter containing some greenish crystalline needles. In the silicious 
matrix the clastic fragments are larger and much more conspicuous 
and the paste appears only as a little rim around the fragments. The 
paste, however, has crystallized and contains chloritic minerals and 
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epidote. The age of the conglomerate is not known because no fossils 
have been discovered in it (ibid., p. 62). 

As regards the origin of the conglomerate Helland argues (ibid., 
p. 63 et seq.) that the rock was deposited in separate synclinal basins 
and that the materials of which it is composed were derived from the 
surrounding mountains. In the discussion of their possible means 
of transportation he recalls the variety in substance and size of the 
pebbles, their unsorted and heterogeneous arrangement and their 
shape, which is rounded but nothing like the form assumed by beach 
pebbles (ibid., p. 70). Their formation as waste accumulated at the 
base of mountain slopes is considered unlikely because the pebbles in 
the conglomerate are not angular, the heaviest masses do not lie far- 
thest down and the materials of which they are composed are not sim- 
ilar (ibid., p. 71). Fluviatile or lacustrine origin may be assumed for 
the more sandy parts of the formation, for the deposited masses in a 
lake are usually more or less plainly divided into layers of sand and 
stones arranged according to the varying action of the currents; 
moreover, the pebbles rest on their surfaces that are nearest flat and 
the largest ones are deposited at the mouths of the rivers (ibid., 72- 
73). But a large part of the formation, including even one entire 
district, the Sulen Islands, is filled with pebbles that are not in the 
least like alluvial formations. On the contrary, they are most like 
the diluvial formations of the north European plain (ibid., p. 74). 
The lack of striated pebbles, the most prominent peculiarity of gla- 
cial formations, is important, but this fact does not exclude the pos- 
sibility of glacial origin, for it is often diificult to find striated pebbles 
in accumulations that are admittedly glacial. It must be remem- 
bered, too, that where the conglomerate is most like the diluvial 
masses the matrix is firm and fine grained so that the pebbles are 
more easily broken than removed, and their surfaces are seldom 
seen. When the matrix is sandy the conglomerate is more like the 
German ''Diluvialkies" which usually has no striated pebbles (ibid., 
p. 75). Helland's conclusion therefore is that the combined activity 
of ice, water, glaciers, and rivers seems to be best adapted for the pro- 
duction of such a varied formation as the conglomerate in question 
(ibid., p. 80). 

: — Alps, Along the northern base of the Alps extensive masses 

of conglomerate occur, the so-called "Schotter Conglomerates," which 
are intimately associated with glacial deposits. Those in the Salzach 
region of Austria and Germany are described by Bruckner. At 
Emetsham, at Hohenwart on the Alz and at Handenberg, the Schotter 
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deposits begin just at the borders of the outer moraines and slope away 
from the latter like alluvial cones (Bruckner, a, p. 74). ''South of 

Schutzing on the Engelbach the high terrace Schotter cany great 

blocks and at the same time mud and striated boulders. The deposit 
could be counted as part of the outer moraines if the bedding and 
external form as a terrace did not make evident its character as high 
terrace gravel." At Traunstein the high terrace gravel constitutes 
the perpendicular bank of the Traun; the upper layers here form 
several alternations of deposit with the moraines (ibid., p. 75). 

: — Iceland. In the past few years evidences of several succes- 
sive glaciations that preceded the final glaciation of Iceland have been 
discovered by Pjetursson, who has written several papers on the sub- 
ject. Some of these evidences are discussed in a paper by H. G. 
Ferguson, who recently visited the region with Pjetursson. For the 
present purpose it will suffice to give a brief account of the phenomena 
as they were described by Pjetursson after his first discovery. In the 
mountains overlooking the southern lowlands of Iceland the so-called 
" Palagonite Breccias, " of which they are in part composed, present a 
striking resemblance to a very stony boulder-clay (Pjetursson, a, 267). 
The hard sandy matrix is crowded with a great number of blocks of 
basalt, mostly subangular and ranging in size up to three or four feet. 
Many of the stones are distinctly striated and cannot be distinguished 
in that respect from striated stones in loose glacial accumulations. 
The matrix is hard and well jointed, the steep escarpment being dete> 
mined by a joint plane. Thin lenticular layers of fine grained, dis- 
tinctly stratified material are intercalated in the breccias, especially in 
the lower part (ibid., p. 268). The mass of the breccia shows a com- 
mingling of material of every size of grain from fine clay to large sized 
blocks. Part of the latter are angular, more are blunted, some are 
striated. Minor quantities of fine grained stratified material are inter- 
calated with the unstratified deposit and the bedding is often diagonal. 
Some of the breccias rest upon distinctly striated and grooved rock 
surfaces (ibid., p. 269). 

: — United States; Newark Formation, In the Triassic rocks of 

the eastern United States coarse conglomerates and breccias are found 
at many localities. These occurrences have caused some speculation 
as to the possibility of glacial action in connection with their deposition. 
Russell shows (b, p. 50-51) that the evidence is insufficient to support 
the hypothesis of glacial action in these cases and in that connection 
he gives a list (ibid., p. 49-50) of direct evidences of glaciation which 
one might expect to find preserved. This list is pertinent to the pres- 
ent inquiry and is therefore given: — 
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(1) Smooth and striated rock surfaces or casts of the same. 

(2) Boulders, smooth and striated and faceted by the glacier. 

(3) Morainal material in irregular and unassorted heaps. 

(4) Ice-rafted boulders in the fine sediments of deep water. 

. (5) The flora is not conclusive since forests grow close to existing 
glaciers and even cover portions of the moraines on their surfaces. 
In the animal remains associated with fine deposits we should expect 
the best records of climatic conditions. 

: — South America. The earUer work of Agassiz and Hartt in 

Brazil led them to believe that there also glacial action had taken place. 
An account is given by Branner of their earlier views and later changes 
of opinion, together with a statement of the facts on which the earlier 
ideas were based, and their true explanation. Laige rounded boulders, 
sometimes striated, and supposed to be erratics, were often found 
embedded in what was considered boulder clay. Moreover there was 
found a widely distributed accumulation of transported, water-worn 
materiab, which were believed to be of glacial origin (Branner, p. 759) » 
The so-called erratics are shown by Branner to be boulders of decom- 
position, either rounded or subangular, embedded in residual and 
consequently unstratified clays. Soil-creep and landslides tend to 
obscure the true nature of the deposit and the landslides have some- 
times caused well-marked striation and faceting (ibid., p. 761). The 
water-worn materiab are shown to be reworked Tertiary deposits 
in which the finer sediments have been washed out and the coarser 
debrL? left behind by wave action permitted by a Posttertiary depres- 
jsion of the land (ibid., p. 768). 

Traces of a Carboniferous glaciation in South America are reported 
by Derby, who notes a .resemblaace in the characteristics of fossils 
between the Carboniferous formations of southern Brazil and those of 
Australia, India, and South Africa. In the South American rocks 
Derby observed rounded boulders from the size of the fist up to four 
times the size of the head, lying in clay slate and projecting from it. 
In one place he found blocks of various rocks, such as granite and 
gneiss, lying in a stream bed among clay slates. The assemblage of 
such large masses of different materiab and the fact that the clay slates 
of the stream banks in the immediate neighborhood contained an 
abundance of smaller blocks convinced him that the boulders had been 
transported. The manner of their occurrence appeared to exclude the 
action of streams or waves, but no striated surfaces had then been 
found on any of the blocks (Derby, p. 175). 

The resemblance of the South American rocks to those of India is 
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further noted by Kurtz, who has found in certain beds exposed in 
the Argentine Republic a number of fossils which show them to be 
allied to the lower Gondwana rocks of India (Kurtz, p. Ill et seq.). 

Crush-Conglomerates. "Where Tocka lie under too light a load to 
become plastic, and have, therefore, given way to great crushing by 
breaking to pieces, their broken fragments may be pushed along shear 
planes or in fault zones, and may thus be pressed against each other 
and rolled forward, until their edges are rounded off and they acquire 
much resemblance in general form to the pebbles of a conglomerate. 
Bands of such comminuted materials are of not infrequent occurrence 
among Palaeozoic and older formations which have suffered much 
disturbance. They are known as Crush-conglomerates, or, when 
the fragments are angular, as Crush-breccias" (A. Greikie, p. 683). 
Rocks of this character in the Isle of Man are described by Lamplugh, 
who notes the gradual smashing into fragments of highly contorted 
strata until eveiy trace of the original bedding is lost and a crush- 
conglomerate with lenticular and partly rounded inclusions is formed 
(Lamplugh, p. 372-373). A similar instance in Argylbhire is described 
by J. B. Hill. Limestones with epidiorite sills have been intensely 
folded and isoclined (J. B. Hill, p. 313 et seq.). The epidiorite has 
been fractured and in some instances rounded so that the appearance 
is that of boulders in a limestone matrix. Fragments of the epidio- 
rite (ibid., p. 324) may be seen here and there enclosed in the main 
mass, as well as the remains of crests and limbs of folds that have been 
torn from their original position and formed into augen-structures. 

ComMnations of Processes. It is evident that conglomerates may. 
be formed as the result of the action of two or more of the processes 
already mentioned. For example, the glacial deposits which are so 
abundant in New England are in many places being worked over by 
the sea. The angular and subangular striated pebbles of the till are 
being rounded and sorted by wave action in many places along the 
present beaches. The mill of the sea quickly removes the glacial 
markings and the rounded pebbles soon produced cannot in them- 
selves be distinguished from those formed by marine action alone. 
It is only when the modified deposits can be seen in proximity to 
unmodified portions of the mass from which they were derived that 
their originally glacial character can be assumed with confidence. 

In the Champlain valley extensive lakes, dammed by the retreating 
ice sheet, and the later invasion of the sea itself have produced a number 
of shore lines at different levels, which have recently been described 
in some detail by Professor Woodworth. Beaches have been formed 
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of material worked over from the till sheet that once covered the 
region. At one locality a morainal ridge (Woodworth, e, p. 34) is 
composed altogether of blocks and cobbles of Potsdam sandstone. 
On the crest and western or landward side the blocks are still prevail- 
ingly angular. On the eastern or wave-washed slope the blocks are 
often well rounded, particularly at the lower levels. "The fragments 
decrease in size from the crest and near the 600 foot level are coarse 
graveb. The large blocks are between three and four feet in length, 
but blocks yet longer occur. Ovoid masses of this size in the upper 
zone of beach action attest the strength of the waves." At a second 
locality, a low, modified hill about two miles northwest of Mooers 
Junction, rolled and rounded pebbles appear on the west slope. ''The 
underlying glacial materials are the angular rock fragments peculiar 
to glacial till. It is evident that long continued and effective wave 
action took place on the west slope of this hill" (ibid., p. 40-41). The 
rounding of the glacial fragments in these shore lines, together with 
the sorting of the materials at the first locality indicate the character 
of the changes produced by either lacustrine or marine wave action 
upon unsorted glacial debris. The longer such processes are con- 
tinued the more perfect become the shaping and sorting of the mate- 
rials, until all traces of glacial action are removed. In the Champlain 
valley the lacustrine and marine stages at which the shore lines were 
built must have been of relatively short duration, for not only are the 
glacial deposits only slightly modified but in some instances the beaches 
are seen to rest on glaciated surfaces (ibid., p. 33). 

The intimate association of fluviatUe action with glacial action has 
already been noted. The materials swept from a glacier by torrents 
of ice water soon lose their distinctive shape and markings unless 
deposited before they travel far. The ordinary stream washed facial 
materials along the northern side of the Alps are described by Penck 
(Penck et al., p. 8) as worn, rolled, rounded, and deposited like the 
pebbles of a water course. They are characterized, he says, by their 
horizontal stratification or by an alternation of horizontal and in- 
clined layers. Upstream the alluvial deposits become larger and more 
angular, the stratification becomes less regular, striated pebbles appear 
and the formation becomes truly glacial. Between the unmodified 
glacial material and the undoubted ''fluvio-glacial" deposits is a 
transition zone characterized by a moronic phase of the alluvium, 
and by the presence of blocks or of occasional striated pebbles. The 
"fluvio-glacial" material rests against the actual glacial debris, and 
forms a vast inclined plane descending from the moraines and forming 
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a low cone. Down valley the cone becdmes more fiat as the internal 
structure becomes more regularly stratified. This is the fiuvio-^adal 
region proper. The transition cone often presents alternations of 
glacial and fiuvio-glacial material, which may appear at the base, 
within the mass or near the surface of the alluvium (ibid., p. 9). 

From these examples it will be seen that there is considerable simi- 
larity in the shape and character of some of the individual particles 
and masses produced by each process. The effects produced by one 
process alone may differ in a notable degree from those produced by 
another, but when they are combined, a gradation occurs, so that no 
sharp line of distinction can be drawn ; and it is difficult or impossible 
to determine to which of the processes some of the materials deposited 
should be assigned. Accumulations produced by such combinations 
of processes are probably more common than those formed by the 
separate action of a single process. River-bonie waste is rehandled 
by the sea. Even in the formation of what might be called truly 
glacial material washed gravels are apt to be interstratified to some 
extent with the till in consequence of the minor variations in the posi- 
tion of the ice front. Recognizing, then, the fact that many combina- 
tions are both possible and probable, it is best for the purposes of this 
paper to confine the discussion to those features which may serve to 
identify the several processes. 

Analytical Discussion. — In the previous pages the details of vari- 
ous occurrences of conglomerates and associated rocks have been set 
forth at some length, together with the opinions of numerous writers 
concerning some of the characteristics of conglomerates formed by 
the different processes. It now remains to gather from this material 
the typical features of each kind of conglomerate and to arrange 
them in some order for comparison. For this purpose the following 
scheme has been adopted : — 

Matrix : — kind of material ; size of grains (coarse or fine, uniform 
or varied); shape of grains (angular, subangular, or rounded); 
arrangement of grains (orderly or disorderly; well stratified, 
rudely stratified, or unstratified) ; cement (argillaceous, silicious, 
calcareous, or ferruginous). 
Pebbles : — kind of material ; size of pebbles (large or small, uni- 
form or varied, gradation in any particular direction); shape 
of pebbles (angular, subangular, or rounded) ; markings (facets, 
polish, striation); deformation (distortion, tension cracks, 
fracture); arrangement (well stratified, rudely stratified, un- 
stratified). 
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Color: — general tone of the rock; relations to matrix; relations to 

pebbles. 
Characteristics of Bedding: — uniform series grading into finer beds, 
thickness and extent; variable series (lenses of coarser and 
finer materials, false-bedding, and local unconformities, ripple- 
markings, sun-cracks, raindrop impressions, or organic mark- 
ings), thickness and extent. 
Relations to Subjacent Rocks: — conformable: nature of the under- 
lying series; unconformable: eroded surface deeply dis- 
integrated, eroded surface of relatively fresh rock unglaciated, 
eroded surface of relatively fresh rock glaciated. 
Under each of the major headings of the scheme each kind of con- 
glomerate will be considered briefly, with reference to the minor 
headings, as the data will permit. 

Matrix: — Marine, In the Texas example of marine conglomerate 
the matrix is described as ferruginous, gritty sand. Stratification is 
only indirectly implied. In the Pottsville conglomerate where the tran- 
sition to the underlying Mauch Chunk shales occurs, the matrix con- 
sists of coarse arkose sands. For a long distance above the base it is 
composed of micaceous, chiefly arenaceous material, poorly cemented 
and often containing some argillaceous coloring matter. Near the 
upper part of the section coarse gray sand forms the matrix. Both 
composition and assortment are variable near the base but more uni- 
form near the top. These characteristics tend to ally the Pottsville 
more closely with fluviatile than with marine deposits, as already 
noted. 

: — Fluviatile. The foregoing citations do not furnish much 

explicit data with reference to the composition and character of the 
matrices of fluviatile conglomerates, but in the descriptions of the 
extensive accumulations of southern Asia and the western part of the 
United States it is shown that the pebbles of the conglomerates rest in 
a matrix composed of materiab of varying nature and size, which are 
often only imperfectly sorted and stratified. 

: — I^acustrine. No specific data with reference to the matrices 

of lacustrine conglomerates have been found. 

: — Estuarine, In the case of estuarine conglomerates also 

little direct information was obtained. Prom Willis's account of the 
characteristics of the Devonian sediments it would appear that an 
unassorted mixture of sandy and clayey particles may be expected 
to constitute the matrix of estuarine conglomerates. This expecta- 
tion is verified in the account of the tidal flats of the Severn, given 
by Sollas. 
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: — Olacial, The till of the Glacial period, as described by J. 



Geikie and by Crosby, excluding the embedded stones, consists of 
tough stony clay, composed of grains of all shapes and sizes down to 
impalpable flour; or, when the matrix is more scanty, of coarse earthy 
grit and sand. The matrix as a whole is highly sUicious, containing 
as much as 60 to 65 per cent of sand and rock flour in addition to 
coarser, quartzose material. 

The matrix of fluvio-glacial conglomerates, as described by J. 
Geikie and by Penck, varies from true boulder clay to well water-wom 
sand and gravel; its characteristics are not otherwise described. 

Ice-rafted boulders may be dropped into a matrix of well-stratified 
argillaceous sediments containing marine or fresh-water organisms. 
This seems to have been the case with the boulder-beds of India and 
New South Wales, though the latter are described as sandy in places, 
and containing a small proportion of fragments of undecomposed 
feldspar, minute chips of black shale and small pieces of carbonized 
plants. The matrices of the glacial conglomerates in South Africa, 
Norway, and Iceland appear to be more like the boulder-clay of the 
last glacial period, since they consist of fine mud, grit, and sand, con- 
taining angular fragments of quartz and other minerals, without any 
definite arrangement. 

: — Crush. In crush-conglomerates the materiab of the matrix 

would vary with the rocks involved in the movement and the size 
of the particles with the intensity of the crushing forces. No data 
with reference to the general character of such a matrix are at hand but 
it is probable that the component particles would be angular, unsorted 
and of varying size. 

Pebbles: — Marine. The instances cited show that the pebbles of 
marine conglomerates are usually composed of the more durable 
materials though they often vaiy locally with the nature of the adja- 
cent rocks. As regards size, the pebbles may be either coarse or fine, 
but there is a tendency within certain limits toward a fair d^ree of 
uniformity. There is gradation upward to finer sediments, in the case 
of the transgressing shore line, and horizontally in the direction in 
which the conglomerate wedges out. The pebbles are uniformly well 
rounded except where they are in relatively close proximity to the 
sources from which they were derived. Cross-bedding frequently 
occurs. It may be noted, however, that the Pottsville, which, in it3 
upper portions at least, has been described as a round-pebble con- 
glomerate, becomes more irregular in its lower portions, where it 
sometimes forms poorly assorted or even unassorted pebble or boulder 
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accumulations. Here again its questionable character as a marine 
conglomerate is displayed. 

: — Fluviatik. The materials of which the pebbles of fluviatile 

conglomerates are composed appear to vary largely with the kinds of 
rock exposed within the drainage areas of the streams and are to a 
considerable extent local in character. In the case of the larger rivers 
the material has usually been carried farther and has been taken from 
hard rocks. The pebbles at any given locality may vary in size from 
fragments hardly larger than grains of sand to masses several feet in 
diameter. The component masses of the conglomerate diminish in size 
in the direction of the grade of the stream that deposited them and 
laterally too they grow smaller away from the larger streams. In 
the portions of the deposit near the source of supply, the growth of the 
accumulations causes the coarser material to advance and overlie finer, 
previously formed detritus, so that coarse conglomerates appear-above 
finer sediments. Farther away from the source of supply deep borings 
have been made in fluviatile deposits without showing any notable in- 
crease or decrease in coarseness of material. As to shape, the pebbles 
are variously described as rounded, subangular, and 'unrounded.' In 
some regions they become nearly, if not quite, angular, while in others 
they approach rotundity. There is thus a lack of uniformity in shape 
as well as in size. In some cases they are described as horizontally 
or obliquely bedded, but in others it is stated that they lie with their 
long axes at all angles with the horizontal plane and without any 
definite arrangement. ' 

: — Lacustrine, No satisfactory evidence has been found by* 

which pebbles formed by lacustrine processes can be distinguished from 
those of other origin. Since the littoral processes of lakes so closely 
resemble those of oceans it is reasonable to believe that lacustrine 
pebbles will resemble more closely those of marine origin than any 
other type. We may expect, therefore, that on the whole lacustrine 
pebbles will be well rounded, but, on account of the absence of tides, 
they may not be so well sorted nor show such general uniformity of 
size at any given locality as is true of marine pebbles. 

: — Estuarine. The data presented under the head of estuarine 

deposits show that wave action in estuaries is relatively Weak. The 
coarser material from streams and other sources is therefore subjected 
to little attrition from this cause and is only slowly modified in shape. 
As a result the pebbles may be rolled, subangular, or even angular in 
form. They will, however, tend to be arranged in irregular and cross- 
stratified deposits by shifting and transitory currents. 
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: — Glacial, The materials of which glacial pebbles are com- 



posed are largely local but there may be a considerable percentage of 
stones that have traveled great distances. In the main the transported 
fragments consist of durable rock but sometimes large blocks of weaker 
material are carried far from their parent rock without being com- 
minuted by ice action. The size of glacial boulders or pebbles may 
vaiy from tiny fragments to ponderous erratic masses, weighing many 
tons. The latter, however, have been transported chiefly on the sur- 
face of the ice and have not been subjected to the grinding and crush- 
ing suflFered by those fragments which have been pushed along over 
the surface beneath superincumbent ice. As a consequence there is 
generally a gradation in size in the pebbles of a glacial accumulation, 
the upper portions as a rule consisting of coarser materiab. In shape 
glacial boulders are usually angular or subangular, and those which 
have been transported beneath the ice have one or more flat sides, 
rounded edges, and more or less snubbed ends. Perhaps the most 
distinctive feature of glacial pebbles is the beautiful polish and striation 
which the more fine grained and durable fragments receive, the 
markings running, on the whole, parallel to the long axis of the stone. 
When these materials are rehandled by intra- or extra-glacial waters 
or by the sea, the glacial markings are soon lost and the shapes of the 
pebbles become similar to those produced by fluviatile or other aque- 
ous agency. 

Another striking characteristic of glacial accumulations is the 
marked disorder of their component fragments. Masses of all sizes 
and shapes are huddled together in indiscriminate confusion. Some- 
times, however, there are included masses or pockets of stratified 
material, and in the reworked glacial deposits all stages of order are 
represented from complete heterogeneity to well-marked stratification. 

; — Crush. The pebbles of crush-conglomerates vary with the 

nature of the rocks involved in the crushing. No data with reference 
to size are at hand but it is probable that there is considerable vari- 
ation. The shape is described as rounded or lenticular, sometimes 
showing the remainsof crests or limbs of folds that have been formed 
into augen-structures. 

Color: — Marine. In the accounts of marine deposits above cited the 
conglomerates are mentioned as having a ferruginous matrix, and 
again as being interbedded with red and blue clay. In the case of 
the Pottsville, the lower portion is described as variable in color, 
bands of conglomerate alternating with washes of purple and olive 
mud or soft greenish sandstone. The upper portion, however, is light 
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colored, dense, and arenaceous. That iron coloration is wide-spread 
in marine accumulations is attested by the remarkable bed of ''fossil 
ore" in the Clinton group, which extends from New York to Ala- 
bama, and by the reddish facies displayed by the Potsdam and 
Medina sandstones. These colors, however, are not ordinarily in- 
tense. In the rocks where the coloration is present it seems to 
reside in the matrix and is not described as encrusting or discoloring 
the pebbles. 

: — Fluviatile, The data at hand do not supply much evidence 

with relation to the color of fluviatile deposits. In the Siwalik deposits 
of India and in the New and Old Red Sandstone of England red colors 
are present. 

: — Lacustrine, No evidence with reference to the color of 

lacustrine sediments has been noted above. Russell states (a, p. 47) 
that observations show that lacustrine sediments are usually not red. 

: — Esiuarine, Regarding the color of estuarine conglomerates 

also no definite information is at hand. The Newark formation, which 
is believed by many to be of estuarine origin, is characterized by a deep 
red color in many of its members, but it may be questioned whether 
the formation is not fluviatile. 

: — Glacial, Among the more recent glacial deposits the latest, 

unweathered, are generally dark bluish or greenish gray in color, 
while the older, more deeply weathered accumulations, are often 
highly ferruginous. Of the ancient glacial deposits above described, 
the majority are said to be dark bluish, greenish, or grayish in color, 
while some of those in Australia are said to contain reddish brown 
clay slates, passing downward into grayish brown mudstones. 

: — Crush, No data bearing on the color of crush conglomer- 
ates are available for this discussion. 

Bedding: — Marine, Marine accumulations in general possess a 
well-marked stratification, the beds grading upward from coarse to 
fine, where the deposits were laid by a transgressing sea, and passing 
horizontally seaward into younger and finer beds, as described by Hill. 
Variations in thickness and composition along the dip of the several 
beds are much greater than along the strike and all the beds are 
lens shaped in cross section, first thickening, then thinning seaward. 

Cross-stratification and irregular bedding are common among the 
conglomerates and sandstones, and sometimes these coarser beds are 
interstratified with finer materials in lenses which thin out or are 
replaced in their own horizon by deposits of different texture. Local 
unconformities may occur, as where interbedded marsh deposits are 
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locally eroded. Ripple-marks may be indicated in some cases by 
cross-bedding, as in the Medina example described by Gilbert/ but 
mud-cracks, footprints and other impressions indicative of former 
extensive mud-flats would not be expected to occur in strictly marine 
deposits. Conglomerates formed by a transgressing sea may be 
expected to maintain a relatively moderate thickness over a wide area, 
as in the Cretaceous basal conglomerate of Texas. The Pottsville 
Conglomerate does not, however, conform to this expectation, for it 
maintains a great thickness in its southeastern portion but thins out 
rapidly northwestward, by the loss of its lower members. Such rapid 
diminution, though strongly contrasted with the Texas example, is 
entirely consistent with the idea of fluviatile origin. 

: — Fluviatile. The criteria given by Oldham in support of the 

fluviatile origin of the Gondwana sediments, summarize much of the 
data cited with regard to the bedding of fluviatile conglomerates. He 
says (a, p. 150-151): "The frequent alternation of coarse and fine 
beds, the frequency of current markings on the finer shales and of 
oblique lamination, due to deposition by a current, in the coarser 
sandstones and the circumstance of the upper portions of a bed, such 
as a coal seam, being locally worn and denuded where a coarse sand- 
stone b deposited upon it, a phenomenon of frequent occurrence, are 
quite consistent with the theory of deposition in a river valley." 
Some other important features deserve notice. The gravel beds de- 
crease rapidly in thickness laterally away from the streams by which 
they were deposited, as shown by the Siwalik and Bh4bar acctunu- 
lations in India, and by the great alluvial cones described by Drew, 
Dutton, and Johnson. Dutton states that in alluvial cones sections 
along the radii give the best stratification but that in transverse sec- 
tions the stratification is less uniform and harmonious. Johnson 
speaks (c/., p. 117) of the great debris slope, of which the present 
High Plains are but a remnant, as composed of "interlaced gravel 
courses penetrating a mass of fine material." Since deltas are 
essentially prolongations of river fiood plains they will preserve in 
the main the characteristics of fluviatile deposits but in consequence 
of their being built forward into a body of water, instead of being 
spread out fan-like on the land, they present the additional feature 
of steeply inclined fore-set beds noted above. 

: — Lacustrine. The bedding of lacustrine sediments will tend 

on the whole to conform more closely with marine than with fluviatile 

> According to Falrchild the " giant ripples" of the Medina sandstone represent for- 
mer beach crests. 
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deposits, but in the normal cycle coarser sediments tend to encroach 
upon and overlie finer. 

: — Estuarine, Willis's statement (c/., p. 121) is practically a 

summary of the available data on the bedding of estuarine conglomer- 
ates. The deposits are marked by frequent and irregular interbed- 
ding of coarse sands, sandy clays, and cla3rs, cross-stratified beds, 
ripple-marked and sun-cracked mud surfaces, and channels scoured 
by transitory streams. 

: — Glacial. In glacial deposits sometimes a rude stratification 

is to be observed in till, and when the layers separate the surfaces 
usually show a polished or glazed appearance. Sometimes also 
included stratified beds, lenses or pockets of coarse and fine material 
occur. Ordinarily, however, the mass is completely unstratified and 
no assortment of its component materials can be observed. The 
fiuvio-glacial deposits have already been noted as possessing all stages 
of stratification up to well-sorted sands and gravels with well marked 
cross^bedding. Where floating ice has dropped glacial debris away 
from shore the boulder-beds thus formed possess a well-marked 
stratification, as in the case of the deposits of India and New South 
Wales. The bedding may, however, be contorted and confused in 
places where the floating ice masses have stranded or scrubbed along 
the bottom. 

: — Crush. When true crush-conglomerates are formed the 

crushing movements have often been so intense as to destroy all 
traces of the original bedding. 

Relations to Subjacent Rocks. Rocks of any of the types under dis- 
cussion may rest conformably or unconformably upon underlying' 
deposits, with the exception of crush-conglomerates. The latter, 
being the result of mechanical deformation, rather than of deposition, 
can scarcely be considered in this connection, though pseudo-uncon- 
formity may be produced as the result of the overthrust faulting or 
slickensiding of the deformed rock masses. No distinctive character- 
istics have been found to mark the unconformable contacts of the 
other types of rock with underlying masses, save in the case of the 
glacial conglomerates. In all cases cited where the deposits have been 
recognized as being truly glacial, they have been found in some expo- 
sures to rest upon definitely striated rock surfaces. Helland's con- 
tention for the glacial origin of the conglomerates in southwestern 
Norway is greatly weakened by his failure to discover such glacial 
markings beneath the rocks in question. 

General Discussion. — The details of character and structure of 
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the several types of conglomerates have been set forth above. It is 
desirable now to make some comparisons to bring out more clearly 
the distinctions between the different types. For this purpose it will 
be convenient to continue the use of the scheme already employed. 

Matrix. According to Greikie the smaller particles of detritus are 
generally less well rounded than those of greater dimensions (A. 
Geikie, p. 162). This is doubtless true of all water-laid deposits. 
Although the matrices of marine conglomerates are sometimes ferrugin- 
ous they are probably characterized ordinarily by clean sands, cross 
stratified and fairly well assorted. Willis, speaking of beach deposits, 
says, (b, p. 487), "The sand is clean and characterized by marked and 
irregular cross-stratification." Russell (a, p. 45), referring to the 
incrustation of the grains in certain ferruginous deposits, observes 
that if the debris had been deposited in the ocean and exposed to the 
action of waves and currents, the sands would have been more thor- 
oughly assorted than we now find them, and also that the attrition pro- 
duced by the waves under such circumstances would have scoured 
off the incrustation of ferric oxide. Dutton, too, emphasizes the more 
thoroughly assorted condition of marine sediments as opposed espe- 
cially to fluviatile deposits. As regards the latter Dutton states (p. 
220) that material of all sorts is deposited ever3rwhere, yet with a 
tendency to sorting. Probably the littoral deposits of lakes would 
approadi marine deposits in uniformity of size and arrangement 
of particles, but with the absence of tides it is doubtful if these charac- 
teristics would be in general so highly developed. 

Estuarine deposits are seen to consist in the main of mixtures of 
sand and clay not very well assorted but relatively fine. The matrices 
of crush-conglomerates would doubtless present much diversity in the 
size and shape but not in the material of their particles. Probably 
glacial deposits display the greatest variation in the character of the 
finer fragments which constitute their matrices. Fluviatile deposits 
may often approach them in heterogeneity of material and arrange- 
ment and in angularity of individual particles. One minute feature 
of distinction may, however, be noticed. In the case of small fluvia- 
tile fragments, which are only slightly rounded, the attrition will 
probably be equally developed on all comers or edges. In the case 
of similar glacial fragments, as shown by the microscopic study of the 
Dwyka Conglomerate (see, p. 130), one edge or comer of a particle 
may be smoothed or rounded while other comers or edges remain 
sharply angular. While, therefore, there is considerable variation 
in the matrices of the various types of conglomerate and one type 
shades into another, the marine deposits may be regarded as pre- 
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senting the most nearly perfect, and glacild deposits the least perfect, 
assortment and arrangement of particles, the intermediate stages 
being lacustrine, estuarine, fluviatile, and crush. 

Pebbles. The preceding accounts have shown that the pebbles of 
marine and lacustrine conglomerates tend to be well sorted and well 
rounded, though they may be subangular in proximity to their sources. 
Shrubsole, noting the way in which pebbles slip over each other with 
the recession of each wave, remarks, ''the pebbles become as a rule 
S3munetrica} and lose all traces of an]gularity*' (Shrubsole, p. 315). 
Estuarine pebbles tend to be but imperfectly sorted and rounded and 
fluviatile pebbles may show all stages from confused heaps to well- 
stratified beds and from well-rounded forms to almost complete 
angularity. The difference between marine and fluviatile pebbles 
is thus expressed by Dutton: "Attrition" (in the fluviatile con- 
glomerates of the High Plateaus) "is not ordinarily extreme. In 
most cases it is enough to indicate that the fragments are really 
abraded, though with no great loss of substance. The stones of 
sub-aqueous conglomerates, on the contrary, are almost always much 
worn and rounded. Again, the sizes of the stones" (in the flu- 
viatile conglomerate) "range from a fraction of a cubic inch to sev- 
eral cubic feet; in rare instances to more than a cubic yard" (Dutton, 
p. 224). In crush-conglomerates the shapes and sizes are variable 
depending on the character of the rocks crushed and on the character 
and amount of the deforming force. No doubt the pebbles would 
often be distorted and contain fracture planes and tension cracks. 
Glacial pebbles are characterized by variety in composition, size, and 
shape. Their sizes and shapes may, however, Ivs so successfully 
imitated by pebbles and boulders of fluviatile origin that it is only 
when the fragments are seen to bear the characteristic glacial striae 
or to be intimately associated with stones that are so marked that their 
glacial nature can be regarded as established. Even here caution is 
needed, for in land slides or mud flows striated pebbles may be pro- 
duced, which closely resemble those developed by glacial action. In 
this connection it is worth while to note the view of Meunier, who 
suggested that even such extensive accumulations as the Dwyka Con- 
glomerate might be the result of mud flows in which later movements 
had been induced by the action of percolating waters in removing 
finer material (Meunier, p. 121). It is probable then that the following 
order represents the relative regularity in size, shape, and arrangement 
of materials in the various types of conglomerate, though here too no 
sharply defined lines of separation can be drawn: marine, lacustrine, 
estuarine, fluviatile or crush, glacial. 
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Color, While it has beftn shown that marine conglomerates are 
sometimes ferruginous, the remarks of Russell and Willis already 
noted tend to show that such rocks are not, as a rule, highly colored. 
Lacustrine sediments have also been shown to be usually free from 
red color. The evidence brought out with reference to estuarioe 
deposits is insufficient to make any general statement; they are, how- 
ever, often considered to have a tendency toward a red color. Some 
of the fluviatile deposits described are shown to have highly colored 
red or purplbh zones. Strahan, speaking of the characteristics of 
continental formations, says they have a common tendency to a red 
color (Strahan, p. 143-144). Crush-conglomerates, being induced 
as secondaiy structures in rocks already formed, partake of whatever 
color the parent rock may have possessed. Glacial conglomerates, 
as a rule, appear not to be highly colored, though the Australian 
boulder^beds are described as containing reddish brown members. 
Red color is therefore not a distinctive characteristic of any particu- 
lar type of conglomerate formation, but it may be said to be more 
common in the fluviatile and perhaps in the estuarine types than 
funong the other kinds of conglomerate. 

Bedding, Marine formations have been shown to possess on the 
whole the best developed and most uniform bedding; while glacial 
formations exhibit the least developed and perhaps the most irregular 
stratification. Lacustrine and estuarine formations tend to resemble 
marine formations, while fluviatile deposits may be well stratified or 
on the other hand may so closely simulate heterogeneous glacial accu- 
mulations as to cause uncertainty as to their origin; witness the dis- 
cussion of the Midland Pebble Beds of the Old Red Sandstone. 
Cross-stratification and lenticular masses of coarser and finer material 
are common in all these types but in the marine type the long axes of 
the lenses are more frequently parallel to the shore line, that is, to the 
original strike of the rocks, while in the case of fluviatile accumulations 
the long axes of the lenses are parallel to the courses of the stream 
threads by which they were deposited, that is, to the original dip of 
the rocks. All the water-laid deposits appear to increase in thickness 
and coarseness toward their source of supply. Other differences are 
cited by Strahan in his discussion of continental deposits. He states 
that the latter are not only unequal but alternate with erosion, so that 
fragments of one bed are included as pebbles in another; that they 
rarely contain marine oiganisms or such strata as usually compose 
marine formations, but that drifted plant remains are not unconmion, 
and that such liemstones as occur consist, when unaltered, of amor- 
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phous carbonate of lime and not of organic remains (Strahan, p. 143- 
144). Current markings, sun-cracks and footprints or other impres- 
.sions common on exposed mud-flats, are frequent in estuarine and 
perhaps in fluviatile or lacustrine deposits but do not ordinarily occur 
in marine formations. 

In crush-conglomerates no true bedding appears and all traces of 
the ori^nal bedding may have been destroyed. The bedding of ice- 
laid deposits is very obscure and that of fluvio-glacial deposits meiges 
into that of true fluviatile deposits so that little or no distinction can 
be drawn. In summarizing the discussion of bedding it may be said 
that marine deposits give on the whole the most even and regular 
stratification, while fluviatile accumulations present the greatest vari- 
ety. Ice-laid materials and crush-conglomerates show little or no 
bedding. 

Rehitwns to Subjacent Rocks. The main fact brought out by the 
hvestigation of the relations of conglomerates to subjacent rocks is 
that those formations of any age that have been proved to be glacial 
have been found to rest upon striated rock surfaces. The possession 
•of heterogeneous structure, irregular and striated pebbles, while fur- 
nishing strong evidence of glacial action, cannot be considered as 
•conclusive proof, for such structures and forms may be produced in 
-other ways. When, however, such forms are found to rest upon a 
.smoothly polished and striated rock surface, the weight of evidence 
is so great that no other explanation can be accepted. 

Summary. — Marine sediments exhibit, on the whole, the greatest 
imiformity of composition and the most orderly arrangement of 
materials, while glacial deposits display the opposite characteristics. 
Lacustrine, estuarine, and fluviatile accumulations attain interme- 
diate degrees of uniformity. Marine action tends to produce sheets 
of relatively uniform thickness oyer wide areas, while fluviatile action 
tends to produce interwoven linear bundles of coarser and finer mate- 
rials, which may attain great thickness in the aggregate over limited 
areas, but which thin out more rapidly than is the case with marine 
deposits. 

Each of the various types of conglomerate possesses features that are 
shared to some extent by other types. Thus there is no single feature 
which in itself distinguishes any particular kind of conglomerate. 
It is only when a ntimber of features of one type are grouped and 
comparcKl with a similar group of another type that definite distinc- 
tions can be made. Such a comparison is attempted in the accom- 
panying tabular summary: — 
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Type 


Marinb 


Lacubtrinb 


Ertuarink 


Matrix 


Clean sands, fairly well as- 
sorted, cross-stratified; angu- 
lar to rounded grains. 


Similar to marine; 
perhaps less well sort- 
ed, less clean, and less 
weU-rounded grains. 


Fine gravel and 
sand with much mud, 
unsorted, cross-strati' 

angular grains. 


Peb- 
bles 


Generally local materials, 
fairly uniform size, well 
rounded; may be scratched 
by shore ice, landslides, etc., 
but not faceted nor snubbed. 


Similar to marine, 
though perhaps less 
well sorted and 
rounded. 


Local materials 
varying in sixe and 
not well sorted; sub- 
angular shapes on the 
whole; markings as in 
marine. 


Color 


May be ferruginous, but not 
usually highly colored. 


Similar to marine. 


Tendency to red 
color (?) 


Bed- 
ding 


Stratification generally well 
marked. Cross-stratification 
often well developed; in the 
normal cycle finer sediments 
encroach upon and overlie 
coarser materials; sometimes 
local unconformities, irregu- 
larities, lenses, etc., but more 
regular along the original 
strike than along the dip; 
limestones in the series com- 
posed chiefly of organic re- 
mains. 


Conforms more 
closely with marine 
than with fluviatile 
deposits; in the nor- 
mal cycle coarse ma- 
terials encroach upon 
and overlie finer sedi- 
ments. Limestones 
or marls of the series 
contain remains of 
fresh-water organ- 
ismR. 

• 


Frequent and irreg- 
ular interbedding of 
coarse sands and finer 
materials; frequent 
cross- stratification; 
ripple - marked and 
sun -cracked surfaces 
with organic and 
other imprint mark- 
ings. 


Rela- 
tions 
to 

Subja- 
cent 

Rocks 


May be conformable or un- 
conformable; nothing espe- 
cially distinctive of marine 
action. 


Same as marine. 


Same as marine. 
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Fluviatilb 



Crush 



Glacial 



Sands mingled with finer 
and coarser material, not 
well sorted, croa»-stratified; 
angular to subangular grains. 



Generally local materials 
of all sizes up to masses of 
several tons, generally sub- 
angular but varying from 
rounded to angular; frag- 
ment8 of one stratum in- 
cluded as pebbles in another 
stratum of same formation. 
May be scratched by river- 
ice action, landslides, etc., 
but not faceted nor snubbed. 



Many not colored but per- 
haps tendency to red color. 



Frequent alternation 
coarse and fine beds; fre- 
quent current markings and 
oblique lamination; frequent 
local unconformities; irregu- 
larities in thickness and 
character, lenses, etc., but 
less regular along the origi- 
nal strike than along the dip; 
limestones infrequent but 
where they occur and are 
unaltered, they consist of 
amorphous carbonate of 
lime and not of oiganic re- 
mains. 



Same as marine. 



Unsorted auto- 
clastic fragments. 



Varying size and 
shape, angular to 
rounded, showing 
portions of crests 
or limbs of folds; 
fracture planes; 
tension cracks. 
Autoclastic frag- 
ments. 



Depends on par- 
ent rock. 



No true bedding; 
all traces of origi- 
nal bedding may 
have been de- 
stroyed. 



Pseudo - uncon- 
formity by over- 
thrust faulting or 
slickensiding. 



Heterogeneous mass of finer 
and coarser material, compact, 
angular grains of minerals and 
rocks; some fresh feldspar; some 
grains partially rounded and par- 
tially angular. 



Generally local materials, but a 
considerable proportion from dis- 
tant sources. Little, if any, as- 
sortment, all sizes up to masses 
of several tons. Pebbles faceted, 
rounded edges, snubbed ends, pol- 
ished and striated surfaces with 
striae generally parallel to long 
axis of stone but often showing 
two or more directions. 



Generally dark grayish with 
bluish and greenish tints, occa- 
sionally ferruginous. * 



Till and corresponding ancient 
fonnations usually not bedded; 
sometimes obscure stratification 
and layers when separated show 
glazed and striated surfaces; some- 
times pockets, lenses and beds of 
coarser and finer stratified material 
with cross-stratification included 
in the unstratified mass. 

Fluvio-glacial material shows all 
gradations from no stratification 
to well-marked fluviatile type. 

Marine glacial boulder beds show 
well-marked stratification and al- 
ternation of coarser and finer beds. 



Rests on striated, smoothed, and 
polished surfaces of older rocks 
or older portions of the same for- 
mation. 
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llthology of the roxburt and neighboring conglomerates. 

Methods of Work. — More than two hundred specimens from 
the Roxbuiy and neighboring conglomerate regions have been ex- 
amined in the laboratory. All of these have been studied by using 
the hand lens on natural fresh and weathered surfaces. Polished 
surfaces of fifty or more specimens, t3rpical of their respective local- 
ities, have also been examined with low and higher power lenses. 

The polished surface a£fords a very effective means for the study of 
many crystalline or clastic rocks. If the specimen is not too laige it 
may be placed with its tray on the stage of a petrographic microscope. 
Then, with low power lens and reflected light, minerals and struc- 
tures may be observed which are not well discerned in ordinary mac- 
roscopic study. If the specimen is not so shaped as to lie with its 
polished surface horizontal, it may be placed in a tray of sand, which, 
if carefully handled, will obviate the difficulty without endangering 
the microscope. A magnifying glass, mounted on a stand fitted with 
ball and socket joints, may be used with advantage to concentrate the 
light on the portion of the specimen to be inspected. This process has 
been employed by the writer in a number of cases. It possesses an 
advantage over the use of the thin section in that it permits the study 
of a larger surface of rock. The latter method, however, must still 
be applied in cases where minute details and careful determinations 
are required. More than fifty thin sections have been obtained and 
examined in connection with their respective specimens. 

Scheme of Descriftion.— In the accounts of conglomerates in 
the preceding chapter the writer has often found it difficult to secure 
the details needed for the present discussion. The rocks have been 
described by some of the writers in a somewhat haphazard fashion 
rather than in accordance with a definite plan. Some looseness, 
or at least indefiniteness, in the use of descriptive terms has often 
left doubtful the exact meaning of a ^ven expression. For ex- 
ample, the term "well rounded" as applied to the shapes of pebbles 
is occasionally misleading. It was noted (page 117) in Johnson's 
description of the gravels of the High Plains that the pebbles are 
described as well rounded when in the photograph accompanying 
his account they appear subangular. Thus it is highly desirable, 
when the lithological character of rocks, or indeed when any object of 
scientific interest, is to be described, that some definite plan be formu- 
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lated to include each feature that may be expected to appear. The 
definite statement of the absence of any such feature is often as impor- 
tant as the mention of the presence of another, since it indicates that 
its importance was recognized but that search for it was fruitless. Such 
a plan serves to stimulate observation and to direct attention to char- 
acteristics perhaps otherwise overlooked. 

In the following descriptions of the various rocks the writer has 
attempted to use the plan set forth (page 138). Since, however, the 
section entitled "Relations to Subjacent Rocks" applies to the larger 
relations of conformity and unconformity and cannot well be illus- 
trated in hand specimens, that topic will be replaced by "Relations 
to Melaphyr." 

Descriptive Terms, The descriptive terms now in use for the 
shapes of pebbles need more exact definition. In the present discus- 
sion the four following terms will be employed to express the compar- 
ative degree of rotundity attained by the pebbles of a conglomerate. 
Angular, The fragments present sharp angles or edges with little 
or no evidence of attrition (Plate 1, A). 

Subcmgular. The pebbles vary from almost angular fragments to 
smooth stones that have no sharp angles or edges but still 
retain relatively fiat or irregular sides (Plate 1, B). 
Rounded, The pebbles begin to lose their flattened and somewhat 
irregular shape and to approach the form of the ellipsoid or 
spheroid (Plate 1, C). 
Well rounded. This term is reserved for pebbles that have acquired 
ellipsoidal or spheroidal forms. No specimen is at hand which 
illustrates this type well. Some of the pebbles in C and D 
(Plate 1) may be said to be well rounded. 
It b obvious that no sharp line of division can be drawn in the use 
of such terms and that the personal equation must therefore enter to 
some extent into all descriptions where they are employed. 

The Roxbury Series. — Arkose, Arkose occurs in several parts 
of the Boston Basin. In Medford the conglomerate is described 
by La Forge as passing into arkose and granite (La Forge, p. 75, 
89). The arkose is somewhat kaolinized but consists of irregular 
grains of quartz and feldspar. Crosby speaks of arkose as occur- 
ring along the southern boundary of the Carboniferous series near 
the granite in Quincy, (n, p. 436). Oytcrops occur on Gun Hill 
Road and on Randolph Avenue (ibid., p. 438). This rock has not 
been seen by the writer but it is described by Crosby as quite 
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granitic in aspect, though the feldspathic element is generally 
kaolinized and the rock shows slaty partings (ibid., p. 479). At 
East Dedham a very close relation exbts between the granite and 
the overlying arkose and conglomerate. Outcrops on the east side of 
Mother Brook at Dedham IV, £ 1 (Plate 7) and a quarter of a mile 
west at D 1 show rocks that appear as somewhat crushed or sheared 
granite but one part of the ledge at the latter locality appears gritty. 
At D 3, a few rods east of the railroad station, the rock is mostly arkosic 
but the matrix contains some small fragments of felsite and subangular, 
elongated, and subrectangular pebbles. In some places the rock at 
this locality is so granitic in appearance that it might easily be mis- 
taken for granite. A polished specimen shows the feldspar to be 
relatively fresh. In the region of Wellesley and South Natick the con- 
glomerate in the vicinity of the granite and felsite is highly feldspathic 
and felsitic. 

Conglomerate: — Matrix. The matrix of the conglomerate through- 
out the Boston Basin consists largely of fragmentary quartz and felsite, 
the latter substance being present in almost every specimen examined. 
In addition there is a considerable percentage of feldspar and some 
quartzite, though these are by no means so universal constituents 
as the felsite. In some localities, especially at some of the Nantasket 
ledges, the matrix contains abundant epidote. In Brookline and New- 
ton, esfjecially on the southwest side of Walnut Hill (Boston VI, B 12, 
C 13, Plate 7), the matrix of the conglomerate has been impregnated 
with basic igneous rock, probably melaphyr, so that the latter envelops 
both the grains of the matrix and some of the pebbles. 

The size of the grains is usually variable from very fine particles to 
fragments J or even J inch in diameter. The line of division between 
grains of the matrix and actual pebbles is often arbitrary and the rock 
in many cases grades from fine grains, less than ^ inch in diameter, 
to large pebbles or boulders several inches, or even more than a foot, in 
diameter. In only five out of fifty specimens representing different 
parts of the basin were the grains of the matrix noted as fairly uniform 
in size. 

The shape of the grains is almost universally subangular or angular. 
In only four of the specimens above mentioned were some of the grains 
rounded. 

No definite arrangement of the grains in the matrix was observed 
except that induced by shearing. They were generally huddled 
together in greater or less confusion, except that in one case a rude 
stratification was noticed. 
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The cement of the conglomerate is usually silicious or felsitic, sel- 
dom argillaceous. In the cases where the cement is felsitic the rock 
is composed largely of that material; pebbles of quartzite, felsite, and 
granite, together with grains of quartz, occur embedded in a fairly 
homogeneous ground mass of felsitic material. The felsitic cement 
is particularly noticeable in localities near which felsite occurs in situ. 
In the vicinity of Mattapan and Hyde Park, for example, the felsitic 
element in the conglomerate becomes more and more abundant so 
that there seems to be a gradation between undoubted conglomerate 
on the one hand through felsitic conglomerate and felsite breccia to 
felsite on the other. Similar phenomena are noted at Medford, in 
parts of Newton, South Natick, and Nantasket. The whole succes- 
sion is apparently similar to that described by Dutton in his account 
of the volcanic conglomerates of the High Plateaus, as noted on 
page 116. There the formerly clastic matrix of the conglomerate 
has been metamorphosed into homogeneous material entirely similar 
to the contained fragments (loc. cit.). A peculiar conglomerate that 
may be referable to the same type occurs north of President's Hill 
in Quincy (Boston IX, T 33). The matrix seems to be felsitic and 
the included fragments entirely granitic. In one specimen there 
were streaks that appeared to be microgranitic. In some places 
the rock resembles an indurated tuff. Specimens from this locality 
have been examined petrographically by T. G. White, who states 
that they look exceedingly like volcanic tuff with laths of plagio- 
clase and stubby hornblendes. He says that unless the rock is in 
reality a true volcanic that has in some way enveloped the rounded 
pebbles we have a conglomerate surprisingly metamorphosed and 
recrystallized in the presence of neighboring igneous rocks (T. G. 
White, p. 124). 

: — Pebbles. An examination of the pebbles of the conglomer- 
ate shows that on the whole felsite in many varieties is the substance 
most abundantly represented, with quartzite and granite next in 
importance. Out of 65 specimens collected from all parts of the 
basin 50 were noted as containing felsite while 38 contained quartzite, 
and 25 granite. Other rocks much less frequently represented are 
slate, melaphyr, contemporaneous sandstone and grit, white quartz, 
and diorite. 

The size of the pebbles is usually variable. In most localities the 
pebbles or fragments grade down to the grains of the matrix without 
any well-marked line of separation. In Medford the pebbles do not 
ordinarily exceed three inches in diameter. North of the narrow 
slate belt that passes through Chestnut Hill Reservoir the pebbles 
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decrease in size from an average of three or four inches at Newton 
Center to an average of about two or three inches at Aubumdale. 
South of this same belt the size of the pebT:)les increases so that boulders 
eighteen inches in diameter are of frequent occurrence in Brookline, 
while farther south the size again decreases. Eastward, too, in the 
same zone the conglomerate is finer and somewhat more uniform. 
These latter features are well shown by the rock exposed at the great 
Tremont Street quarry on the north side of Parker Hill in Roxburj'. 
In the conglomerate zone extending ENE from the Stony Brook 
Reservation the same general gradations in size north, south, and east 
are noted. Along the north shore at the northern extremity of Squan- 
tum and on the east shore of Huit's Cove at Hingham the conglom- 
erate displays unusual variety in size, the pebbles ranging from less 
than an inch to more than four feet in diameter. 

The shape of the j>ebbles is also variable. Of the 65 specimens 
above mentioned the pebbles in 32 were noted as unqualifiedly sub- 
angular, while in 20 they were described as subangular to rounded. 
Of the remainder 5 were not described, while 4 were angular and 4 
rounded. On the whole it may be said that the tendency of the p)ebbles 
is toward rotundity rather than angularity but that in comparatively 
few instances can they be described as well rounded or even rounded. 
The term subangular appears to be applicable in the majority of cases. 
As a rule the finer conglomerates have the more rounded pebbles. 
The areas at Squantum and at Huit's Cove are no less remarkable 
in the shap>e than in the size of their pebbles. At the latter locality 
especially every variety of irregularity appears to be represented. 

A careful search for markings that might in any way suggest glacial 
action met with no success. A few instances were observed of pressure 
striations, traceable to dynamic metamorphic action. 

Evidences of deformation were numerous but usually only incipient 
stages were observed. The most frequent was shearing, which, 
though generally not intense, occasionally developed into schistosity. 
In some cases the pebbles were cracked, sliced, compressed, indented, 
stretched and bent but only to a comparatively slight extent. It has 
not been possible to correlate the localities of maximum deformation 
but the evidence now at hand seems to indicate the development of 
zones closely related to the axes of folding. 

The pebbles of the conglomerate show little definite arrangement. 
Sometimes they are sparsely or thickly scattered through a mass of 
relatively fine material. At other times they form massive accumula- 
tions with comparatively little fine material. In a few cases a rude 
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stratification has been observed among the pebbles and a tendency 
to an arrangement with their long axes parallel. But usually no such 
features are to be observed. In general there seems to have been but 
little sorting, materials of many sizes and shapes often occurring at 
the same locality. Two extreme cases in this respect are the localities 
at Squantum and at Huit's Cove, already mentioned. There pebbles 
and boulders of all sizes and shapes are huddled together in great 
confusion. A field occurrence of the Squantum conglomerate is 
shown in Plate 3. 

— — : — Color. The color of the conglomerate presents varying 
tints in different combinations. Out of 50 representative specimens 
the following tints were present either singly or in combination, in the 
accompanying number of specimens: gray, 26; green, 20; purple, 
19; drab, 9 ; red, 4; pink, 4; blue, 1. If red and pink are classed 
with purple it will be seen that gray and purpUsh tones are about 
equally distributed through the conglomerate and that green is next 
in importance. The purplish colors are not confined to any particular 
part of the basin but are rather widely distributed. They are not 
ordinarily intense; frequently they are only suggestions of the pur- 
plish or reddbh tones. They are most strongly marked in some of 
the Nantasket ledges where they seem to be directly related to some 
of the effusive rocks of that region. 

: — Bedding. It has been shown above that the pebbles and 

matrix of the conglomerate show little definite arrangement. Occa- 
sionally streaks or zones of finer material may be recognized in the 
hand specimen. The larger features of bedding are reser^'ed for the 
next chapter. 

: — Relatiotis to Melaphyr, At several localities, notably on the 

southwest side of Walnut Hill and on the south side of Holyhood Cem- 
etery on Hammond Street in Brookline, at Newton Upper Falls north 
of the Reservoir on the west bank of the Charles River and in the Ar- 
nold Arboretum the conglomerate is locally and irregularly impreg- 
nated with basic lava. Some of these localities are apparently remote 
from known outcrops of melaphyr, but others are near large masses of 
that rock, the only igneous rock of the region. It seems probable, 
therefore, that these impregnations represent melaphyr. In hand speci- 
mens the lava shows flow structure parallel to the contact with the con- 
glomerate, and a finer grained darker zone immediately at the contact. 
Some of the pebbles of the conglomerate are enveloped and isolated 
by the lava. Under the microscope the igneous rock appears in 
tongues of partly devitrified basic glass containing magnetite in abun- 
dance and some well defined feldspar laths. There is some alteration 



158 bulletin: museum of comparative zoology. 

to epidote and chlorite. The igneous tongues partly enfold the pebbles 
and finally become dissipated among the interstices of the conglom- 
erate. The data plainly show that the melaphyr, in these localities 
at least, is intrusive. 

Sandstone and Slate: — Composition, The sandstones of the Rox- 
bury series contain besides quartz a considerable proportion of fel- 
site and feldspar. Of twenty-seven specimens examined seven con- 
tained felsite and four contained feldspar. The cement is usually 
silicious and the rock is firm and dense. The slates are sometimes 
sandy but they are generally argillaceous and compact. 

: — Texture. The sandstones are sometimes coarse grits with 

fragments ranging up to a quarter of an inch in diameter. Ordinarily, 
however, they are finer textured though their grains are often not well 
sorted. The fragments of which they al^ composed are seldom 
rounded but usually angular or subangular. 

: — Color, The colors of both the sandstones and slates are 

prevailingly gray, though other colors are represented singly or in com- 
bination. Of the twenty-seven specimens of sandstone examined seven- 
teen (63 per cent) had gray tones, while in the case of the slate the 
percentage was not quite so high (thirteen out of twenty-two specimens 
or 59 per cent). In the case of the sandstones green and purple tints 
rank next in frequency of occurrence, the green appearing in 5 per cent 
of the specimens examined and the purple in 48 per cent. In the case 
of the slates, however, purple colors are more common than green, 
the percentages of occurrences in the twenty-two specimens examined 
being forty-five and twenty-seven respectively. Drab and red tints 
occur less frequently in fcNoth sandstones and slates but they are of 
relatively slight importance. If the reds are classed with the purples 
the enumeration of percentages for the slates will scarcely be affected 
but in the case of the sandstones the figures for purple and green 
colors will stand fifty-six to fifty-one in favor of the purple instead of 
forty-eight to fifty-one in favor of the green. Thus in the finer sedi- 
ments the prevailing color is gray but purple and reddish tones are 
next in frequency and almost as abundant as the gray. Here again 
these colors are not confined to any particular locality but are on the 
whole widely distributed. 

: — Bedding. The evidence as to characteristics of bedding 

gathered from the hand specimens is unsatisfactory. Of fifty specimens 
examined only eight give any information bearing on this topic. A 
specimen of slate from Newtonville shows fine, even bedding and a dark 
gray slate from Quincy (Boston IX, V 32, Plate 7) is uniformly banded 
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with sandstone. A specimen of grit from Brighton (Boston V, C 31) 
contains irregular streaks of finer material in the coarse. Another 
specimen from the same locality shows layers of fine sand with beau- 
tiful purplish laminae of silt shading into them. The layers are much 
contorted and interrupted. Grit occiu*s between the dissevered ends 
and fills in the irregularities. A detached fragment of the fine sand- 
stone also occurs in the grit. Still a third specimen from this locality 
shows lenticular development on a small scale, some of the lenses 
being not over an inch in length. Other specimens show some inter- 
bedding of coarser and finer sediments in the form of ill-defined zones. 
Cleavage is well developed in some of the specimens but usually forms 
an angle with the bedding in those cases where the latter can be deter- 
mined. The evidence from the specimens above noted goes to show 
that in some places the conditions of deposition were fairly constant 
but that in other places there was less uniformity. The contortions 
noted in one of the specimens from Brighton were probably produced 
during the deposition of the sediments, for the rock does not appear 
to be metamorphosed. The disturbance of the layers is such as 
might well have been produced on imconsolidated, subaqueous sedi- 
ments by the grinding action of stranded ice cakes. 

: — Relations to Melaphyr. The finer sediments show relations 

to the melaphyr similar to those above noted in the case of the con- 
glomerate. Specimens from the ledges in the vicinity of the convent in 
Brighton (Boston V, H 27) show contacts of the melaphyr with sand- 
stone that are very instructive. In one case the melaphyr contains a 
band of sandstone half an inch wide that has a dense ferruginous border 
one-eighth of an inch wide. Two small apparently detached, elongated 
areas of melaphyr within the sandstone near the border are also sur- 
rounded by the same kind of halo. In another case the melaphyr 
containing irregular amygdules of quartz and epidote cuts across 
the bedding of the sandstone. The layers are faulted and contorted 
near the contact. As the latter is approached the several layers bend 
and gradually become fused into a homogeneous, ferruginous mass in 
which the bedding can no longer be distinguished. Detached masses 
of sandstone are included in the melaphyr. The s{>ecimens show 
beyond question that the melaph3T in the ledges from which they 
were taken is intrusive into the sediments. 

SuTwmary of Roxhury Series, (1) Arkose occurs at several places 
in the Boston Basin. In some localities the feldspar is kaolinized but 
elsewhere, as at East Dedham, it is so fresh and the resemblance of 
the rock to granite is so marked that the arkose and granite are 
hardly distinguishable. 
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(2) The matrix of the conglomerate contains a large amount of 
felsite and considerable feldspar in addition to quartz. The grains 
are variable in size and shape and give little appearance of arrange- 
ment. The cement is generally silicious but near outcrops of felsite 
the mass of the conglomerate becomes more felsitic and tends to grade 
into that rock. 

(3) Felsite, quartzite, and granite, in the order named, are the most 
abundant substances among the pebbles. The latter are variable in 
size and shape and are on the whole subangular. Gradations in size 
have been noted north and south of certain zones and generally east- 
ward. Squantum and Huit's Cove furnish marked exceptions in 
this respect. No glacial markings were found but pressure striations 
and other evidences of deformation were seen. 

(4) In general but little sorting has taken place among the pebbles. 
Materials of many sizes and shapes occur at the same locality. 

(5) Gray and purplish colors predominate among the conglomerates 
but green is also frequent. 

(6) The specimens and slides studied show melaphyr intrusive into 
the conglomerate. 

(7) The finer sediments contain a considerable amount of felsite and 
feldspar but a much smaller proportion than the conglomerate. 

(8) The sandstones and grits are often not well sorted and their 
grains are usually angular or subangular. 

(9) Gray and purple tihts predominate in the finer sediments, as 
in the case of the conglomerates. 

(10) The bedding of the sandstones and slates shows at least some 
irregularities. 

(11) In the cases studied melaphyr is intrusive into the finer sedi- 
ments. 

The Norfolk Basin Series. — Arkose. In the Norfolk Basb 
the main outcrops of arkose occur at Pondville. The rock resembles 
granite but careful inspection reveals its true clastic character. In 
thin section it is seen to consist mainly of microperthite and quartz 
with the broken edges cemented with fresh quartz. There is some 
chlorite and ferruginous matter but the feldspars are fairly fresh. 

ConglomercUe: — Mairix. The chief materials that compose the 
matrix of the conglomerate in the order of their abundance are 
quartz, felsite and feldspar. Other substances of lesser importance 
are argillaceous material, secondary mica, chlorite, and epidote. 
The matrix of the Norfolk Basin Conglomerate differs from that of 
the Roxbury Conglomerate chiefly in the possession of a higher 
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percentage of feldspar and a greater development of schistosity and 
secondary minerals. 

The size of the grains is variable up to about one-quarter of an inch 
in diameter and the shape also varies but is usually angular or sub- 
angular. Of fifteen specimens examined only two had grains at all 
rounded. No definite arrangement was noted; sometimes larger 
grains are scattered through finer material, or again, grains of vary- 
ing size are huddled closely together. 

The cement is usually silicious but sometimes it is felsitic, as in the 
case of the Roxbury Conglomerate. Where the matrix is schbtose 
the cement is micaceous or chloritic. 

: — Pebbles. Felsite, quartzite, and granite, in the order named, 

are the most abundant constituents of the pebbles. Of twenty speci- 
mens examined fourteen contained feLsite, thirteen quartzite, eight 
granite, and four quartz. Several other rocks of less frequent occur- 
rence were noted, including slate, eontemiporaneous sandstone, pegma- 
tite, and diorite. The felsite and quartzite are represented by many 
varieties. The granite is not like the bluish hornblende granite of 
Quincy, but, like that of the Boston Basin, is of the type found at 
Dedham and Randolph, with pink and green feldspars, biotite, and 
hornblende. The p>^matite and diorite were found in fine ledges 
by the roadside at Franklin VIII, R 21 (Plate 7). The former con- 
sists of albite and quartz and is the only specimen of its kind yet seen 
by the writer, in either . the Norfolk Basin or the Boston Basin. 
Diorite is seldom found in the conglomerate. 

The size of the pebbles varies greatly. The coarse conglomerate 
along the south side of the Blue Hill Range contains pebbles two feet 
or more in diameter. At the ledges referred to in the previous piara- 
graph many of the pebbles are six inches in diameter and some of them 
attain the size of one foot or more. At other localities the pebbles do 
not reach such dimensions but on the whole the rock may be called 
fairly coarse, the pebbles varying up to three or four inches in length. 

The shape is also variable. Of twenty-one specimens examined two 
contained angular pebbles, eighteen subangular, and five rounded. 
The same specimen may contain examples of each of these types. 
As in the case of the Boston Basin subangular types are the most 
abundant. 

A search for striations or markings on the pebbles that might be 
ascribed to glacial action was unsuccessful in this area as well as in 
the Boston Basin. Pressure-striated pebbles were found to be more 
numerous, however, than in the latter area. 
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Many of the pebbles of the conglomerate bear evidence of deforma- 
tion, chiefly in the form of shearing, but actual schistosity has been 
developed in some cases and in others the pebbles are sliced, crushed 
and stretched. On the whole these features may be said to be more 
highly developed in the Norfolk Basin rocks than in the Roxbury Con- 
glomerate, though they are somewhat localized. The sections where 
they are best displayed are at Dedham II, C 4 and Franklin VIII, S 
20, R 21 and M 21 (Plate 7). The sections along the south slope of 
the Blue Hills display some shearing but are relatively free from the 
other features. 

: — Color, The conglomerates of the Norfolk Basin present 

the same range of colors that are found in the Roxbury Conglomerate 
but in somewhat different order. The prevailing tones are green and 
gray while there is a considerable proportion of purplish tints. Of the 
twenty-one specimens examined seventeen had greenish colors, ten 
gray, six purple, including pink and red, and four drab. 

: — Bedding, In the hand specimens the arrangement of the 

materials of a rock so coarse as conglomerate is not well shown. In 
the case of four specimens, however, the pebbles were ill sorted and 
huddled together. The description of the larger features of arrange- 
ment and bedding will be given in a later chapter. 

: — Relations to Melaphyr, The melaphyrs, which play so im- 
portant a part in the history of the Roxbury Conglomerate, have not 
been definitely recognized in the Norfolk Basin. A few of the pebbles 
found in the conglomerate resemble melaphyr but have not been 
satisfactorily determined. In two localities visited by the writer there 
is igneous impregnation, similar to that which occurs in the conglom- 
erates of Brookline and Newton. Specimens from the south slope 
of Bear Hill (Dedham VII, E 18, Plate 7) show conglomerate impreg- 
nated by igneous rock. In thin section the igneous rock appears as 
irregular tongues of basic glass intruded into the conglomerate. At 
Franklin VIII, S 20 there is a suggestion of similar phenomena not 
so clearly shown. Thus it seems probable that melaphyr or some 
closely allied rock is represented in the Norfolk Basin. 

Sandstone and Shale, The sandstones as indicated bv the seven 
specimens examined consist chiefly of quartz with some felsitic and 
feldspathic material. Gritty and pebbly members are included in 
this group. The pebbles vary in size from a quarter of an inch in 
diameter to two inches and are usually subangular. The fragments 
in the gritty members vary from tiny grains to masses one-quarter 
of an inch in diameter. With the diminution in the number of coarser 
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grains the rock becomes a more normal sandstone. The fragments 
in both the grits and the finer sandstones are mainly angular and 
subangular and are not well sorted nor well arranged. The shales 
are sometimes arenaceous but generally they are argillaceous and 
well indurated. 

The colors of the finer sediments include purple, red, green, and 
gray. On the whole the purplish or reddish colors predominate and 
are more intense and more characteristic of the rock than in the Boston 
Basin. 

The bedding of the sediments of the Norfolk Basin is not usually 
well enough marked to be indicated in hand specimens, and will be 
detailed later when the field relations are treated. 

Reference was made in a previous paragraph to the evidences of 
igneous intrusion among the conglomerates. At the east end of 
Ponkapoag Pond there are several bold outcrops of red sandstones, 
shale, and grit. In one of the latter there are somewhat uncertain 
evidences of similar igneous impregnation. 

Summary of the Norfolk Basin Series. (I) The arkose at Pond- 
ville closely resembles granite. The contained feldspars are relatively 
fresh. 

(2) The matrix of the conglomerate resembles that of the Roxbury 
Conglomerate but is more feldspathic and contains a larger proportion 
of secondary minerals. The grains are variable in size, shape, and 
arrangement. 

(3) The pebbles are composed of practically the same substances in 
the same order as in the Roxbury Conglomerate. The specimens 
include one each of pegmatite and diorite. Along the south side of 
the -Blue Hills the coarseness of the conglomerate exceeds that of the 
Boston Basin Conglomerate but elsewhere the two rocks are similar 
in that respect. The shape of the pebbles is usually subangular. 
Striations or markings are absent, except those due to deformation. 
Evidences of deformation are more marked in the Norfolk B&sin than 
in the Boston Basin. 

(4) The finer sediments are somewhat feldspathic and composed 
of angular or subangular fragments. 

(5) The colors of the coarser sediments are prevailingly greenish 
gray and purplish, or reddish. In the finer sediments the red colors 
are more marked and form a more important feature of the rock than 
they do in the Boston Basin. 

(6) The specimens examined show a less degree of assortment and 
arrangement than the specimens from the Boston Basin. 
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(7) At one locality definite impregnations of the conglomerate bj 
basic igneous material, perhaps melaphyr, have been observed. At 
two other locaUties there are less certain indications of a similar char- 
acter. 

The Narragansett Basin Series. — Arkose. No specimens of 
arkose from the Narragansett Basin have been seen by the writer. 
The rock as described by Foerste is more decomposed than that of 
either the Boston or the Norfolk Basins. It now consists of detrital 
quartz from decayed granite with interbedded clay. The quartz 
grains are not well rounded. (Foerste, b, p. 269.) 

Conglomerate: — Matrix. The materials of the matrix are appar- 
ently much the same in the Narragansett as in the Boston and the 
Noifolk Basins. The main constituents are quartz, feldspar, and 
felsite. Some specimens, however, contain more argillaceous and 
carbonaceous materials. Perhaps the most striking difference in the 
constituents of the matrices of the rocks in the three basins is the 
abundant occurrence of white mica in the Narragansett Basin and 
its absence in the others. The size, shape, and arrangement of the 
grains is similar to the corresponding features of the Norfolk Basin. 

: — Pebbles, Among the pebbles of the Narragansett Basin con- 
glomerates the same general types of rock occur as in the other regions. 
Quartzite, felsite, and granite are the principal substances represented. 
There are, however, two important features of the pebbles that are 
not known to occur elsewhere in the regions under consideration: 
first, the appearance of Upper Cambrian fossils in pebbles of gray 
quartzite ; second, numerous pebbles of muscovite granite. Although 
pebbles of gray quartzite of similar texture to those that contain the 
fossils are common in each of the basins, the fossiliferous pebbles are 
limited to the Narragansett Basin. A few such pebbles have been 
found within the basin but they are more numerous toward the south- 
em margin, along the shore near Newport. In the drift at Martha's 
Vineyard they are very abundant, and scattered pebbles have been 
picked up along the beaches south of Nantasket (Woodworth, d, p. 
109-113). The muscovite granite pebbles occur only in the Dighton 
Conglomerate, the upper member of the Narragansett series. They 
are abundant in the upper conglomerate at Attleboro. Pebbles of 
white quartz are abundant in some of the lower members of the 
Carboniferous series. 

The size of the pebbles is variable. In the lower members the peb- 
bles probably do not exceed three inches in diameter but in the 
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Dighton Conglomerate as exposed at Attleboro and in the Seekonk 
and Puigatoiy Conglomerates the pebbles are often eight or ten inches 
in their greatest dimensions. In the latter rock the pebbles exceed 
one foot in length and one specimen noticed by the writer measured 
nine feet in length. It is worthy of note that the coarsest conglomer- 
ate occurs at the southernmost limit of the exposed portion of the 
basin. 

The pebbles are usually subangular or even rounded but in the 
basal conglomerate described by Foerste some of the pebbles are said 
to be angular (Foerste, b, p. 253). In some of the pebbles in the upper 
conglomerate at Attleboro re-entrant angles produced by intersecting 
joint planes have not been removed by abrasion. 

No striations that could be attributed to glacial action were found 
on any of the pebbles examined but pressure striations and other evi- 
dences of d3mamic metamorphic action were seen in a number of in- 
stances. The most remarkable cases of this kind were observed in 
the pebbles from Fogland Point on the east shore of Narragansett 
Bay. The rock is highly schistose. The pebbles have been flattened 
and stretched into spindle-shaped forms with rounded sides and ends, 
the elongation in many cases amounting to as much as 50 per cent or 
more of the original longer axis. The pebbles have been indented 
and sliced and sets of V-shaped tension cracks have been produced, 
some of which pass entirely through the pebbles. The pebbles thus 
deformed are chiefly gray quartzite but it is not known whether the 
latter corresponds to the fossiliferous quartzite at Newport. In some 
of the specimens examined by the writer the cracks developed in the 
pebbles looked as if they might have originated in the casts of fossil 
Oboli. Another striking instance of deformed pebbles is seen in the 
Purgatory Conglomerate. There the process has not been carried 
quite so far as at Fogland Point but the stretching and shearing have 
been intense. Plates 3 and 5 show field occurrences of the conglomer- 
ate at these localities. 

: — Color, The color of the conglomerate is usually gray with 

some greenish or purplish tints. Specimens from the northern part 
of the basin often show reddish tones of greater or less intensity. 

: — Bedding, No well-defined arrangement of pebbles or bed- 
ding of the conglomerate was shown in the hand specimens. Field 
observations will be given later. 

: — Relations to Igneous Rocks, No specimens illustrating the 

relations of the sedimentary series to the igneous rocks of the basin are 
at hand. Woodworth has described the occurrence of diabase and 
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felsite near North Attleboro. The account of these features is included 
under the heading "Relations to Igneous Bocks" on page 233. 

Sandstone and Shale. The coarse sandstones or grits contain in 
addition to quartz a considerable amount of feldspathic and febitic 
material. In the finer sandstones the rock is more quartzose. White 
mica is an abundant constituent. The shales are sometimes arena- 
ceous or carbonaceous and are often fossiliferous. Usually, however, 
they are argillaceous and fairly compact. 

The grains of the sandstones are variable in size ranging from tiny 
particles to fragments three-eighths of an inch in diameter. In the 
specimens examined the grains were chiefly angular and subangular. 
None were rounded. There was little arrangement of the particles. 
The cement was usually silicious. 

The colors of the finer sediments are generally grays, sometimes 
with tints of green but often shading to dark or gray black. Reddish 
and purplish colors are also important and especially characteristic of 
specimens from the northern parts of the basin. 

The bedding is not well displayed in the hand specimens. The 
features observed in the field are set forth in the next chapter. 

Summary of the Narragansett Basin Series. (1) The arkose of 
the Narragansett Basin is much more decomposed than that of the 
Boston or Norfolk Basins. 

(2) The matrix of the conglomerate agrees in texture and general 
composition with that of the Norfolk and Boston Basins, but it con- 
tains more carbonaceous material and is characterized by the abun- 
dant occurrence of white mica. 

(3) The pebbles of the conglomerate consist largely of quartzite, 
felsite, and granite. The striking features are: — the occurrence of 
fossiliferous quartzite pebbles and pebbles of muscovite granite; the 
more frequent occurrence of the fossiliferous pebbles and the greater 
coarseness of the conglomerate toward the south; the remarkable 
deformation of the pebbles at the Fogland Point and Purgatory 
localities. 

(4) The finer sediments are often fossiliferous and carbonaceous 
and are characterized by an abundance of white mica. 

(5) The colors of the conglomerates are usually grays with greenish 
and sometimes reddish tints. The sandstones and shales are gener- 
ally grayish to black. Specimens from the northern part of the basin, 
whether of conglomerates or finer sediments are usually of a red color. 

The Harvard Conglomerate: — Matrix. The matrix of the 
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Harvard Conglomerate consists of grains of quartz and small frag-^ 
ments of dark schist and quartzite inclosed in fine schistose materiaK 
The component materials vary in size from minute particles to masses 
a quarter of an inch in longest dimension. None of the grains. 
appear rounded but aU are either angular or subangular. The 
larger masses are scattered among the finer and all are bound in a 
silicious or micaceous cement. In thin section the matrix is highly 
schistose, consisting of quartz and mica with large crushed quartz 
grains that trail away into the finer material. 

: — Pebbles. The pebbles consist of gray quartzite and dark 

gray schist. The dividing line between the smaller pebbles and the 
larger grains of the matrix is arbitrary, for one grades into the other. 
The pebbles ordinarily do not exceed three inches in length. They 
are subangular, elongated, and irregular and some are almost round. 
No markings indicative of glacial action were observed upon them. 
Evidences of deformation are numerous. The pebbles show stretch^ 
ing, with augen-structure. Some of them appear to be disconnected 
pieces of the same stratum, with rounded ends, and with augen-shaped 
pieces and fine schistose material between the separated parts. Some^ 
times the pebbles look as if a sheared and stretched lajrer had been 
broken up into more or less rounded or oblong masses which now lie 
close together, and are more or less enveloped by finer, schistose 
fragments of the same layer. Two directions of shearing appear in 
the specimens, one parallel to the stretching and the other making an 
angle of about 45° with the first. There appears to be no well-defined 
assortment of the pebbles. In thin section a pebble of the quartzite 
is very fine and even in texture. Each grain shows some attrition 
and is subangular or even rounded. The pebble as a whole shows 
little sign of strain, though there appear to be some shear planes. 

: — Color, The main color of the Harvard Conglomerate is 

gray with greenish and whitish tints, the latter especially on weath-« 
ered surfaces. In such places the matrix and the rock immediately 
below the surface are quite ferruginous. 

: — Bedding. The features of bedding are not displayed in 

the hand specimens. 

: — Sandstone and Grit: A schistose greenish gray sandstone 

shading into grit accompanies the conglomerate. The sandstone is 
fine grained and the grit shades into the conglomerate. 

: — Relations to Igneous Rocks. No igneous rocks appear in 

contact with either the conglomerate or sandstone and no rocks of such 
nature are included as pebbles in the conglomerate. 
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Sources of Materials of the Conglomerates. — FeUiie. 
Many varieties of felsite are represented in the conglomerates, 
especially of the Boston and Norfolk Basins. The classification of 
these varieties and the study of their distribution in the conglom- 
erate, together with the determination, if possible, of the localities 
from which they were derived, form an interesting problem, but it 
involves detailed studies beyond the scope of this paper. In general 
it may be said that most of the felsitic pebbles resemble rock now 
exposed in the environs of the Boston 'Basin. This point, together 
with the fact that the conglomerate frequently becomes more felsitic 
in the vicinity of felsite areas and appears to grade into felsite breccias 
and then into felsite, indicate that much of the material of the con- 
glomerate was locally derived and not transported any great distance. 
There are some doubtful varieties of felsite that may or may not be 
represented by rocks now exposed in the vicinity of the Boston Basin. 
Such are certain pebbles collected by H. J. Wiswell from the Roxburj' 
Conglomerate in the vicinity of the Bird Street station of the New 
York, New Haven, and Hartford Railroad. These pebbles present 
striking resemblances to certain facies of the Blue Hills porphyrj' 
but when compared in the laboratory with a number of specimens 
representing different facies of that rock they were not definitely 
identified. Fragments of the Blue Hills porphyry are not certainly 
known to occur in the Boston Basin but Crosby has vigorously asserted 
that this rock is abundantly represented in the pebbles of the Nor- 
folk Basin Conglomerates (n, p. 471). 

Quartzite. Several varieties of quartzite are represented in the 
conglomerates of all three of the basins under consideration and 
quartzite forms the principal rock in the pejbbles of the Harvard Con- 
glomerate. From the abundance of quartzite pebbles in all the 
conglomerates it is certain that large areas of that rock must have been 
•exposed at the time the pebbles were formed. Quartzite occurs in 
disconnected belts among the crystalline highlands to the north and 
west of the Boston Basin. This points to the northern and western 
highlands as possible sources of that rock and to a southward and 
eastward transportation of the material. In the Narragansett Basin, 
on the other hand, the coarse upper conglomerates become coarser 
and more highly quartzitic toward the south, the very largest pebbles 
being observed in the Puigatory Conglomerate near Newport. These 
facts point to a southerly source for at least the upper conglomerate. 
The evidence from the fossiliferous quartzite pebbles favors the same 
view. These pebbles become more frequent in the conglomerate 
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toward the south. According to Walcott the nearest place where 
quartzite containing the same fauna is exposed is at Great Belle Island 
near Newfoundland (Walcott, b, p. 327). If this place is accepted 
as the probable source of these pebbles it is necessary to invoke the 
aid of some agent of transportation powerful enough to carry pebbles 
of laige size for great distances without permitting them to be com- 
minuted during the process. Such a view would favor the idea of 
glacial action as advocated by Shaler (Shaler et al., p. 57-59). It is 
possible, however, to conceive the existence of a land mass, to the 
south and east of the present coast, large enough to supply the materials 
observed in the conglomerate. The marked increase in the coarse- 
ness of the conglomerate and in the number of fossiliferous pebbles 
in that direction tends to favor such a view. 

The distortion of the pebbles of the Purgatory Conglomerate has 
been such as almost completely to obliterate any traces of fossils, so 
that it \s not definitely known whether the great pebbles in that rock 
really belong to the fossiliferous quartzite. The writer saw some 
indications in the rock at the shoreward end of the Puigatory Penin- 
sula that strongly suggested the occurrence of Oboli in the large quart- 
zite pebUes of that locality. At the southeast and southwest of the 
Narragansett Basin quartzites occur in situ. Those to the southwest 
at least have furnished material to the conglomerates but they do not 
contain fossil Oboli (Foerste, b, p. 382). 

The quartzite of the Harvard Conglomerate is imlike that of neigh- 
boring localities in having small grains of uniform size, showing a 
considerable d^ree of attrition. Professor Emerson, in conversation 
with the writer, suggested that the quartzite represented an aeolian 
deposit. Daubr6e has shown that in water-laid sands the grains less 
than one-tenth of a millimeter in diameter are angular (Daubr^, 
p. 256). In wind-blown deposits coarse and fine grains alike are 
more or less rounded. 

Granite. The granites most frequently represented in the conglom- 
erates of the Boston and Norfolk Basins are a fine grained pinkish 
variety, containing little ferro-magnesian material, and a coarser type 
corresponding to the granites now exposed at Dedham, Randolph, 
and Cohasset, and consisting of quartz, pink and green feldspars, and 
biotite with hornblende. Similar, though not certainly identical, 
granite occurs in the northern highlands in considerable abundance 
and is typically exposed near Saugus. No granite of the Quincy-Lynn 
variety (bluish gray hornblende granite) has been seen by the writer 
in any part of the conglomerate. The occurrence of granite both 
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north and south of the basins in question similar to pebbles included 
in the conglomerate, together with the intimate relations of conglom- 
erate, arkose, and granite at certain localities, as at East Dedham, 
again point to the local origin of the materials in the conglomerate and 
militate against the idea of transportation from a distance. 

In the Narragansett Basin the same granite appears in the pebbles 
of some of the lower members but in the Dighton Conglomerate at the 
top of the series no such pebbles occur. There is, however, at this 
horizon a considerable abundance of muscovite granite, not represented 
elsewhere in the series. Muscovite is also plentiful in the upper sand- 
stones and grits. The nearest localities known to the writer where 
rocks that could have furnished such materials are exposed are in the 
crystalline highlands northwest of the Boston Basin. If the rocks 
there exposed are considered as the source of the pebbles in the Digh- 
ton Conglomerate and of the muscovite in the sandstones it is necessary 
to assume the direction of transportation of the materials in the Narra- 
gansett Basin to have been from north to south rather than from south 
to north as indicated by the quartzite. On the supposition that the 
muscovitic material came from the north, its absence in the Boston 
and Norfolk Basins may be explained by the assumption that higher 
beds containing this material have been eroded away. If, on the 
other hand, it is supposed that the muscovite granite, like the Obolus 
quartzite, may have been derived from some land mass at the south, 
now no longer extant, it is difficult to account for the absence of the 
muscovite granite in the conglomerate at Purgatory. The latter is 
believed to be the stratigraphical equivalent of the Dighton Conglom- 
erate, though it has not been proved that such is the case (Woodworth, 
d, p. 134); if therefore both quartzite and muscovite granite came 
from the south it would seem that both should be represented in 
the conglomerate. Perhaps the Purgatory Conglomerate represents a 
lower horizon than the Dighton Conglomerate. If such were the case 
the muscovite granite may not have been expo^d to erosion when the 
quartzite conglomerates were forming. In view of the stratigraphi- 
cal and structural relations made out by Woodworth and Foerste this 
supposition does not seem probable. It appears more likely that 
material was supplied to the conglomerate from both the north and the 
south. This supposition is favored by the decrease in the amount of 
muscovite granite southward and the increase of fossiliferous quart- 
zite in the same direction. The occurrence of the pegmatite pebble in 
the conglomerate of the Norfolk Basin (page 161) indicates that 
the muscovite rock series may not be entirely absent from the Norfolk 
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Basin rocks, for pegmatite is a frequent associate of the mnscovite 
granite in the highlands northwest of the Boston Basin. 

Slate. Slate pebbles occur more commonly in the conglomerates 
of the Boston and Norfolk Basins than in the Narragansett Basin. 
The Lower and Middle Cambrian slates at Braintree and Weymouth 
indicate a local source for these materials. 

Sandstone, Grit, and Melaphyr. Occasional pebbles of greenish 
gray sandstone and grit, entirely similar to members of the conglomer- 
ate series, indicate that contemporaneous erosion accompanied the 
deposition of these rocks. Similar evidence is afforded by the occur- 
rence of melaph3nr pebbles in certain parts of the Roxbury Conglom- 
erate. 

Summary of Sources. (1) The abundance of felsite, granite, and 
quartzite pebbles in the conglomerate, together with the occurrence 
of exposures of these rocks in proximity to the several basins, indicate 
that the material is locally derived and has not been transported 
great distances. 

(2) The generally local nature of the deposits militates against the 
idea that the fossiliferous quartzite pebbles came from Great Belle 
Island, while the increasing frequency of these pebbles toward the south 
and east indicates a probable source in a land mass, now no longer 
extant, in that direction. 

(3) The muscovitic material of the upper members of the Narragan- 
sett series was probably derived from areas of rocks of that type now 
exposed in the highlands northwest of the Boston Basin. 

(4) The materials of the conglomerates were therefore^ probably 
supplied from sources both north and south of the present areas and 
not from aijy single direction. 

(5) The deposition of the sediments was accompanied by contem- 
poraneous erosion. 

(6) The quartzite of the Harvard Conglomerate is unlike that of 
neighboring regions and resembles an aeolian deposit. 

General Summary. — (1) The sediments of the three basins show 
great similarity in character, composition, and color, but red colors are 
less intense in the Boston Basin than in the others. 

(2) In all three basins the sediments are not very well assorted. 
Materials of many sizes and shapes are found in the same deposit. 

(3) The pebbles cannot generally be described as well rounded, but 
rather as subangular to rounded. The grains composing the grits and 
sandstones and the matrices of the conglomerates are usually more 
angular. 
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(4) The coarser sediments of all the basins are somewhat feldspathie 
but in those of the Norfolk Basin this feature is most highly developed. 

(5) All the basins give some evidence of contemporaneous igneous 
action. These features are most strongly marked in the Boston Basin 
and least developed in the Norfolk Basin. 

(6) The conglomerates of all the basins bear evidence of contem- 
poraneous erosion. 

(7) Evidences of dynamic metamorphism occur in all the basins but 
the metamorphism has not been intense except locally. Its effects are 
most marked in portions of the Narragansett Basin. 

(8) The Narragansett Basin is further characterized by the occur- 
rence of coal beds, fossiliferous shales, and carbonaceous material in 
the finer sediments and by muscovite, muscovite granite pebbles, and 
pebbles of fossiliferous quartzite in the coarser sediments. 

(9) The distribution of the muscovitic material and of the fossil- 
iferous quartzite suggests transportation from both northerly and 
southerly sources, but not for any great distances. 

(10) The local nature of the other sedimentary materials is opposed 
to the idea of the importation of material from Great Belle Island or 
other northeasterly sources by glaciers. 

(11) The Harvard Conglomerate is unlike the other conglomerates 
in character, composition, and appearance. The quartzite pebbles 
contained in it may be of aeolian origin. It has suffered intense 
dynamic metamorphism. 



STRA.TIGRAPHY OF THE ROXBURY AND NEIGHBORING CONGLOM- 
ERATES. 

General Statement. — Some field data bearing on the lithology 
of the sediments have already been given in connection with the 
discussion of the hand specimens. In this chapter the intention is 
to set forth only those facts that have to do with the distribution, 
textural variation, and bedding of the rocks and with the relations 
of the series to the subjacent terrane. Structural data will be pre- 
sented in the following chapter in connection with the discussion of 
the work of others. 

The Roxbury Series. — Distribution: — Arkose, In the Boston 
Basin deposits of arkose occur at Medford, East Dedham, and along 
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the northern border of the granite west of Quincy. In Wellesley 
and South Natick also the conglomerates and grits in the vicinity of 
granitic or felsitic areas are highly arkosic or felsitic. 

: — Conglomerate, By reference to the map (Plate 7) it will be 

seen that the conglomerate of the Boston Basin id separated into three 
elongated areas by nearly east-west band3 of slate. The conglomerate 
masses thus separated are relatively broad at their western ends and 
diminish in width eastward until they disappear beneath the slate or 
terminate at the sea. In addition to these larger areas two important 
isolated smaller areas of conglomerate occur in the southeastern part 
of the basin at Hingham and Nantasket and an irregular tongue of 
uncertain dimensions projects southwest from the vicinity of Newton 
Lower Falls through Wellesley and South Natick. The major con- 
glomerate bands are more or less interrupted toward the west by masses 
of melaphyr and the two southern bands are split at their western 
ends by masses of the underlying felsite or granite that project eastward 
from Needham and Hyde Park. 

: — Sandstone and Grit. Sandstone and grit are not of sufficient 

abundance to form units that can be mapped but they are important 
and sometimes conspicuous members of the conglomerate series. They 
are interbedded with the conglomerate and shade into it. While they 
sometimes occur as indefinite zones or streaks within the conglom- 
erate toward the central parts of the great conglomerate bands, they 
appear more frequently along the northern zone of the northern band 
and along the north and south borders of the other bands. They are 
also more abundant toward the east than toward the west. 

: — Slate. Slate bands extend westward between the conglom- 
erate areas toward the western border of the basin. Eastward they 
broaden and appear to merge into the great mass of slate that is 
believed to underlie Boston Harbor. On the north and on the south 
of the general conglomerate mass extensive areas of slate occur which 
appear to merge around the eastern ends of the conglomerate bands 
with the narrow slate zones. A narrow slate band accompanies the 
southwest extension of the conglomerate through Wellesley and South 
Natick. At its northeastern end direct connection with the broad slate 
area of Somerville and Cambridge is not observed but the evidence of 
the few available outcrops seems to show that such connection exists. 
Along the borders of the conglomerate areas the slate is interbedded 
with conglomerate and sandstone, into which it appears to pass con- 
formably. So far as field evidence goes the slates thus interbedded 
and interbanded with the conglomerate appear to be identical with the 
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larger slate areas to the north and south. This relation, however, 
has been questioned and will be discussed in the following chapter. 

: — Associated Melaphyr. Accompanying the conglomerate 

series are important masses of melaphyr that occur in isolated areas. 
The main exposures are indicated on the map. At Brighton the 
melaphyr is seen in contact with sandstone and slate. South of Bald 
Pate Hill in Newton, at Hingham, aqd at Nantasket it is seen in 
contact with conglomerate. Thus the occurrence of the melaphyr 
does not appear to be confined to one horizon. . In addition to the 
actual exposures of the melaphyr there are a number of places where 
the conglomerate has been impregnated with the melaph}^ in the 
manner described in the preceding chapter. This fact, together with 
the fact that at certain places, as at Nantasket and at Hingham, the 
conglomerate is interbedded with the melaphyr, so that fragments of 
the latter occur in the former, indicate that the melaphyr is contem- 
poraneous with the sediments and was intruded or outpoured before 
the latter were consolidated. 

Teocture of the Conglomerate. In general it may be said that there 
is a gradation in the coarseness of the conglomerate toward both the 
north and the south from the slate belts. Just north of the Chestnut 
Hill slate belt the pebbles of the conglomerate average three or four 
inches in diameter while farther north along the main line of the Boston 
and Albany Railroad outcrops show a somewhat ^smaller average, two 
or three inches. The conglomerate along a north-south line from 
Newton Center to the railroad shows many alternations of sandstone 
and grit. South from the same slate belt the alternations of sandstone 
and conglomerate give way to very coarse conglomerate, with litde 
indication of bedding. At ledges three-quarters of a mile west of 
Walnut Hill (Boston III, Y Z 12) the boulders of the conglomerate 
attain the size of two and one-half feet. At other localities in the 
region of Brookline and Newton similar coarse conglomerates are 
found. South toward Roslindale the conglomerate again shows 
alternations of grit and sandstone which appear to pass conformably 
into the slates. Eastward the conglomerate has smaller pebbles and 
becomes more gritty. At the Tremont Street quarries (Boston V, 
S T 35), for example, the pebbles average one-half to two inches and 
at the quarries a mile and a half south (Boston VI, U 4) they average 
three inches in diameter. Similar features are noted, though not so 
well defined, in the southern conglomerate area. 

The distribution of the conglomerate and slate areas and the fre- 
quent alternations of coarser and finer material near the slates indicate 
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that the coarse conglomerate occupies a stratigraphically lower position 
in the series than the alternating beds. This fact will be more clearly 
brought out when the structure is discussed. 

It must not, however, be assumed that the heavy conglomerate is 
uniformly coarse throughout the Newton-Brookline area. The oc- 
currence of boulders as large as two feet in diameter is rather local. 
There are, indeed, many ledges in the region where boulders of this 
size occur, but often in close proximity to them conglomerates of much 
finer texture appear. Thus in the ledges west of Walnut Hill (Boston 
VI, A 12, B 12, C 12-13) the pebbles average only one and a half to 
three inches, while the coarse conglomerate above mentioned is only 
a few hundred yards away. 

Among the finer conglomerates a similar lack of uniformity is to be 
noted. In places where the pebbles average two or three inches in 
diameter pebbles six to ten inches in diameter not uncommonly appear 
scattered among the smaller ones. Even where the rock is largely 
grit, scattered pebbles more than one foot in diameter may be seen. 
This is well exemplified at the lai^ quarry south of the Arnold Arbore- 
tum (Boston VI, M 16). Layers of coarse conglomerate are not 
infrequently interbedded with sandstone or grit apparently well up in 
the series, as in the remarkable outcrop on the north side of North 
Beacon Street in Brighton (Boston V, H 26), where pebbles of granite 
and other rocks more than one foot in diameter occur. This ledge 
has given rise to some controversy because of the appearance of slate 
masses that resemble clastic material but are two feet or more in length 
and nearly a foot in width. It has been maintained on the one hand 
that the slate masses are pebbles and on the other that they are pockets 
of slaty material laid down during the deposition of the conglomerate. 
After a careful study of the ledge the writer is inclined to concur in 
the latter opinion, as regards the larger masses at least. It is difficult 
to see how slate shingle of that degree of coarseness could escape 
conmiinution by the large pebbles of granite and quartzite so abundant 
in the same deposit. The occurrence of contemporaneous grit among 
the pebbles indicates contemporaneous erosion during the deposition. 
Some of the features above described are shown in Plate 2. The 
conglomerate at Squantum described in the previous chapter a£Pords 
another remarkable instance of irregularity of deposit (Plate 3). 

While therefore it is true that there seems to be a gradation in 
coarseness of material from the conglomerates of Brookline to the 
sandy and slaty sediments north, south, and e^t, it depends not so 
much upon the size of the individual masses, for coarse and fine 
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materials seem to be deposited together, but mainly upon the relative 
proportions of these two. 

From the studies of the previous chapter the shape of the pebbles 
of the conglomerate has been shown to be subangular to rounded, 
while the finer fragments are generally subangular to angular. These 
features are very clearly shown in the field. The smaller pebbles, 
which usually attain the more rounded forms, are still in many cases 
subangular, while the large masses one foot or more in diameter are 
subangular or even angular. 

Bedding. — The bedding of the conglomerate is best displayed along 
the borders of the several areas where frequent alternations with the 
finer sediments occur. In the central zones of the conglomerate areas, 
where finer material is scattered among the pebbles with little or no 
definite arrangement, it is difiicult or impossible to determine the bed- 
ding. The attitude of the pebbles in the rock helps but little for they 
are often so huddled together that the flat sides do not seem to lie in 
any particular plane. In the Newton-Brookline area, for example, the 
bending is not easily determined while farther north or south near 
the borders of the slate belts the attitude of the rocks is fairly clear. 
The pell-mell arrangement of the pebbles in the coarser conglomerates 
and the scattering of large pebbles and boulders through finer sedi- 
ments indicate rapid and irregular deposition. Two general forms 
of bedding are here distinguished: hands, where the upper and lower 
boundaries of the several strata are parallel or roughly so, and lenses^ 
where the upper and lower surfaces of a layer converge. Sometimes 
only a portion of a lens may be seen, in the form of a wedge. In such 
cases the corresponding portion may be concealed by displacement 
or by some covering or perhaps it may have been eroded away. 

: — BamL\ In the Boston Basin banding is the prevalent tj'pe 

of bedding and i;; the feature commonly relied upon for the determin- 
ation of the attitude of the strata. It is by no means a constant char- 
acteristic, however. Of the 283 outcrops of conglomerate, sandstone, 
and slate, visited by the writer and described in his field notes, only 
101 showed banding. Most of the observations recorded occur on 
the Boston sheet. In the western strip (Boston II and III) eighteen 
out of seventy-one outcrops (about 25 per cent) show banding. In 
the central strip (Boston V and VI) fifty of the 131 outcrops noted 
(about 38 per cent) are banded, while in the eastern strip (Boston 
IX, including the adjacent areas of Boston Bay III and VI) thirty- 
eight out of seventy outcrops (about 54 per cent) display similar fea- 
tures. The figures given are not absolute but they serve to show a 
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steady increase eastward in frequency of occurrence of well-defined 
bedding, corresponding to the increase in the proportion of finer 
materials in the conglomerate. A similar, though not so pro- 
nounced, increase takes place along a north-south line with refer- 
ence to the slate belts. In Boston II four of the eight occurrences- 
of banding are within a mile of the northern slate area. In Boston 
III, seven of the ten banded outcrops observed lie within a mile or 
a mile and a half of the Chestnut Hill-Newton Upper Falls slate belt. 
In Boston V the case is not so clear. Only eight of the thirty-one out- 
crops described are banded but these appear to have a fairly uniform 
distribution with reference to a north-south line. Boston VI is crossed 
by the Chestnut Hill slate belt on the north, the Roslindale slate belt 
in the center and the Neponset slate in the southeast. The forty- 
two banded outcrops recorded appear on the whole to be symmetri- 
cally arranged with reference to the slate belts, so that the coarser 
conglomerates with less clearly defined bedding occupy axial positions, 
with reference to the conglomerate zones. In Boston IX and in Bos- 
ton Bay III and VI the outcrops of banded conglomerate are also in 
proximity to the slate areas. 

The bands by which the conglomerate is marked may be of coarser 
conglomerate in fine or vice versa, or of grit, sandstone, or shale. Their 
outlines are generally sharply and definitely marked. Sometimes^ 
however, they are but poorly indicated and the bands become ill-de- 
fined zones of texture finer or coarser than the enclosing rock. If 
such a band is narrow it appears as a mere streak. The occurrence 
of these indefinite zones or streaks is relatively infrequent. Of the 
283 outcrops of the Roxbury series recorded by the writer only four- 
teen (about 5 per cent) were characterized by such zones. 

: — Lenses. The occurrence of lenses in the Roxbury Conglom- 
erate is much less frequent than might be suppK)sed. The writer's field 
notes show only twelve localities. Probably the figures in this case 
and in that of the streaks above mentioned are too low, but>the fact 
remains that both of these types of bedding are relatively uncommon. 
The lenses are found at several localities in Boston II, III, VI, and IX 
and Boston Bay VI. The largest one observed occupies the lower 
part of a ledge exposed for fifty feet on the grounds of the Hospital 
for Women and Children in Jamaica Plain (Boston VI, UV 7). The 
lens consists of angular fragments from half an inch to one and one- 
half inches in length and has a gentle southeasterly dip. At the 
west it terminates a few feet from the end of the outcrop and east- 
ward it passes beneath the soil cover so that its true dimensions can- 
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not be determined. In the widest portion exposed it does not exceed 
three feet in width. 

Another good example (Figure 4 A) is found in the co&rse conglom- 
erate on the north side of Boylston Street just west of Thompsonville 
(Boston III, S 6-7). The lens is composed of sandstone indistinctly 
cross-bedded and is eighteen inches thick. At the eastern end it is 
sharply defined and its upper surface shows ripple-marks. The strike 




Fia. 4. — A. Indlsllncll}' croas-bedded lens at sandatone In conclomeiate west 
□1 ThompBonvilLe. 

B.* lenticular Btruclure at Aubumdale. 
C. Lenticular structure at Roxbury. 

is nearly east-west and the dip about 30° north. A few rods east 
another similar lens appears. 

In some localities lenticular structure occurs on a minute scale. 
Such an example is found in the ledges on the north side of Common- 
wealth Avenue in Aubumdale (Boston II, C 31). Conglomerate, 
sandstone, and slate appear interbedded. The sandstone forms small 
lenticular masses in the slate as indicated in Figure 4, B. 
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Lenses of conglomerate and grit occur at other localities. The 
observed examples as seen in cross-section do not appear to form linear 
bundles nor imbricated masses, unless the arrangement indicated 
in Figure 4, C can be so considered. .On the contrary, the lenses 
appear as separate, independent bodies with roughly parallel axes and 
lie in the same horizon or in parallel horizons. The available evi- 
dence, however, is so scanty that little reliance can be placed upon it. 

: — Cross-bedding. According to the observations of the writer 

cross-bedding is not an important characteristic of the sediments of the 
Boston Basin. Of the 283 outcrops recorded only seven show cross- 
bedding and even in some of these cases it is ill defined. Usually this 
feature is associated with sandstone layers or lenses but in one or two 
instances it occurs in layers of grit. Well-marked examples are seen 
in the fine ledges on the north side of the railroad east of Newton 
Center (Boston V, U 1-2). An ill-defined case of cross-bedding occurs 
in the lens at Thompsonville (Figure 4, A). Other occurrences are 
found in the sandstones that accompany the conglomerate and slate 
in the railroad cut south of Chestnut Hill Reservoir (Boston VI, C 
1), in the sandstone and melaphyr ledges at Brighton (Boston V, I 
28), in the sandstone and slate outcrops at Roslindale (Boston VI, I 
20), in the conglomerate and sandstone ledges by the Neponset River 
at Mattapan (Boston VI, W 28) and in the fine ledges in Melville 
Garden at Hingham (Boston Bay VI, G 32). The distribution of 
these examples indicates that cross-bedding is not a characteristic ofr 
any particular portion of the basin, but that it is, on the whole, 
equally distributed among the sandstones and grits throughout the 
basin. At all of the outcrops named the cross-bedding appears 
merely as a subordinate feature. 

: — Rippk-marks, Ripple-marks have been found in associa- 
tion with some of the cross-bedded lenses above mentioned, as indi- 
cated in Figure 4, A. More commonly, however, they occur in 
connection with finer, more shaly sandstones. Only six cases have been 
observed. Perhaps the best example is to be found in the quarry on 
Warren Street in Brighton (Boston V, G 28). There the ripple-marks 
occur in fine sandstone, are sharply defined and appear in normal 
position on surfaces that dip gently north. A little less than a quarter 
of a mile to the east there is a fine ledge of somewhat shaly sandstone 
cut by a large mass of melaphyr. On the northeast side of this ledge 
rather indefinite forms occur which appear to be ripple-marks in an 
inverted position. The layers exposed seem to present the casts of 
the marks rather than the marks themselves. The apparent inversion 
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in tliis case may doubtless be explained as an accompaniment of the 
intrusion of the neighboring melaphyr. Other instances of ripple- 
marking may be seen along the railroad east of Newton Center (Boston 
III, V 2), in the ledges on the south side of Forest Hills Cemeteiy 
(Boston VI, R 18) and at Milton Lower Mills (Boston VI, XY, 25-26). 
Ripple-marks as well as cross-bedding seem to be generally distrib- 
uted rather than confined to any particular region, and to form only 
subordinate features of the ledges in which they occur. Mud-cracks 
have been seen in only one locality, the ledge at Forest Hills Cemetery 
just mentioned. No raindrop impressions, footprints or other oi^nic 
markings on the surfaces of the rock layers have been observed. It 
may be said, however, that vague trails and impressions occur in the 
Somerville and Neponset slates and have been described by Wood- 
worth (a, p. 127-128). Burr's discovery of indefinite casts of tree- 
trunks in the sandstone and grit of the Forest Hills locality has been 
mentioned on page 100. One such form was seen there by the writer. 

: — Local UnconJormUies, No actual examples of local uncon- 
formity have been observed in the Boston Basin but there is some 
evidence of contemporaneous erosion of the sediments during their 
deposition. Pebbles of conglomerate, grit, and sandstone, of the same 
composition and texture as the corresponding rocks of the conglomer- 
ate series, occur in the conglomerate at several places. Eleven such 
instances have been noted, as follows: Medford (Boston IV, N 31-32), 
West Newton (Boston II, K 29 and G 35), Newton Center (Boston III, 
U 1-2), Brighton (Boston V, H 26), Brookline (Boston VI, A 6 and C 
1), Jamaica Plain (Boston VI, L 9 and M 14), Hyde Park (Boston VI, 
L 30-31), and Hough's Neck (Boston Bay III, J 30). As in the case 
of cross-bedding and ripple-marks the contemporaneous erosion is 
not limited to particular areas but appears to have occurred generally 
throughout the basin, though not on an extensive scale. Certainly 
such contemporaneous erosion must mean local unconformities some- 
where. Perhaps more diligent examination of existing outcrops or 
future exposure of ledges now covered may bring some examples to 
light. 

Relations to Subjacent Rocks, At several places in the Boston 
Basin the relations of the conglomerate series to the subjacent rocks 
are clearly shown. In Medford, according to LaForge, the conglom- 
erate grades into arkose which rests against its parent granite (LaForge 
p. 89). Similar phenomena are seen at East Dedham. In Hyde 
Park and South Natick the conglomerate becomes increasingly felsitic 
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■as felsite areas are approached, ao that no aharp lines of division can 
be drawn between conglomerate and febite breccia or between the 
latter and true felaite. At Nantaaket the ledgea on the east side of 
Weir River near ita mouth (Boaton Bay VI, PQ 29) show conglomerate 
resting on granite. The conglomerate here might more properly be 
■called a breccia but it shades upward with no well-marked line of 
separation into true conglomerate. The materials of the lower or 
breccia zone are largely granitic, similar to the underlying granite 
.and febite. The finer fragmentary material has been deposited in 
-cracks in the granite, while lai^r masses are numerous in the debris 
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Flo. 6.— A. ContKt of conglomcrftte and Kranlle al Nantukel (sllghtlj' modi- 
fled from Crosby, m. p. 142), 

B. Congrlomerate resting on Bne <F) and coarse (C) granlle (Boston Bay VI. 
P 2B). 



«bove the contact. Thb area has been described by Crosby, who 
atatea that the presence of febite and melaphyr among the granitic 
■debris indicates that the conglomerate at this point b not really baaal 
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but is probably a case of overlap (k, p. 77). The relations of the 
conglomerate to the granite at this point are shown in Figure 5. Simi- 
lar phenomena at Hingham are described by Crosby. The contact 
area lies in a field south of Hockley Lane, bounded on the north by 
melaphyr and on the east and south by granite. The relations of the 
conglomerate and granite are veiy intimate. The conglomerate is 
made up largely of angular and half-rounded debris of the same coarse 
red granite and of fragments which range from single grains of quartz 
and feldspar to masses two feet or more in diameter, sometimes onlj 
imperfectly separated from the parent ledge, the finer sediment appear- 
ing to penetrate the cracks in the granite (1, p. 215). 

In none of the cases mentioned is there an appearance of anything^ 
like boulder-clay at the contact with the underlying rock. The under- 
lying surface does not seem to have been smoothed, polished, nor 
striated. These features, so common in our glaciated regions of the 
present day, are entirely absent. Instead the imderlying surface 
bears evidence of deep disintegration under atmospheric agencies and 
of rearrangement and deposition of the loosened material in close 
proximity to its parent ledges. 

Summary of the Roxbury Series, (1) Arkose occurs in several local- 
ities along the border. 

(2) Conglomerate occurs in three broad, nearly east-west areas 
separated by bands of slate. The conglomerate areas narrow east- 
ward and disappear, while the slate areas broaden and appear to merge 
in the same direction. 

(3) Melaphyr occurs in several isolated ^reas as contemporaneous 
intrusions or flows. 

(4) The coarse conglomerate occupies an axial position in the great 
conglomerate areas but varies greatly in texture in neighboring out- 
crops. The rock becomes finer from west to east and from north or 
south toward the slate areas; but the decrease in coarseness consists 
rather in a change of the relative proportions. of gritty or sandy material 
in the rock than in a difference in size of the pebbles; large pebbles 
occur in rocks that are chiefly grit. 

(5) Bedding is best developed toward the borders of the conglom- 
erate areas. Banding is the prevalent type, the frequency of occur- 
rence increasing as the slate areas are approached. 

(6) Lenses and streaks are of relatively infrequent occurrence. 
The former tend to appear as separated individuals in the same hori- 
zon or in parallel horizons rather than in linear bundles or imbricated 
masses. 



MANSFIELD: ROXBURT CONGLOMERATE. 183 

(7) Cross-bedding is not common. The few examples noted are 
widely scattered rather than limited to a particular region. 

(8) Ripple-marks and sun-cracks are also relatively rare but 
similar to cross-bedding in distribution. The ripple-marked layers, 
with perhaps a single exception, are in their normal position and are 
not inverted. No definite organic markings have been observed. 

(9) No actual examples of local unconformity have been seen but 
contemporaneous erosion is indicated by the inclusion of representa- 
tives of the series as pebbles in the conglomerate. The distribution 
of these pebbles shows that this feature is not confined to any particu- 
lar region. 

(10) The series appears to rest on an old land surface that had 
been deeply disintegrated by atmospheric agencies. No polished nor 
striated surfaces indicative of ancient glacial erosion were observed. 

The Norfolk Basin Series. — Distribution: — Arkose. The 
known areas of arkose in the Norfolk Basin are confined to the 
exposures at Pondville in the southwest part of the field. 

: — Conglomerate. Conglomerate occurs in an apparently con- 
tinuous zone about half a mile wide along the south slope of the Blue 
Hill Range, from the Neponset River eastward to Great Pond in 
Braintree, and in more or less separated areas from Walpole south- 
west toward Pondville. 

: — Sandstone. South of the conglomerate zone an area of 

sandstone stretches east and west between the same limits and extends 
south as far as the railway cut about a mile north of the station at 
Canton Junction. Southwestward sandstone occurs in connection 
with the conglomerate in the manner above indicated. 

: — Slaie. Slate or shale is not a conspicuous member of the 

series in the northeast part of the basin. It occurs toward the south- 
em border of the sandstone area interlaminated and interbedded 
with the sandstone. The best exposure is found in the railway cut 
north of Canton Junction. Southwestward the slate assumes practi- 
cally equal importance with the conglomerate and sandstone and 
occurs in connection with them. The best exposure of the series in 
this region is at Pondville (Franklin VIII, K 29). 

: ^Limestone. Limestone occurs at a single locality, the 

railway cut north of Canton Junction. A small lenticular mass 1.5 
feet thick is interbedded with red sandstone and slate (Woodworth, 
b, p. 147). 

: — Associated Igneous Rocks. Igneous rocks are of little 

importance in the Norfolk Basin. The dike in the railway cut north 
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of Canton Junction and the impregnations of the conglomerate 
referred to in the previous chapter are the only known exposures. 
The field, however, is thickly covered with glacial material and it 
may well be that many important occurrences lie hidden. 

Texture of the Conglomerate. Variations in the texture of the con- 
glomerate in the northeastern part of the basin are best seen in the 
rocky ridge east of the Neponset River (Dedham IV, southward from 
I 22). At the northern end the conglomerate is very coarse. Sub- 
angular pebbles eight or ten inches in diameter are numerous and 
boulders more than two feet long are not uncommon. Southward 
the conglomerate grades through various alternations into grit and 
shaly sandstone. Farther east similar coarse conglomerate occurs 
on the south side of Houghton Pond, on the south slope of Bear 
Hill, at ledges three-quarters of a mile farther east along the Mona- 
tiquot Stream, and in large broken masses at the northwest end of 
Great Pond. In each of these cases grit and sandstone appear to 
the south but no gradation is observed. 

In the southwestern part of the basin the coarsest conglomerate occurs 
about half way between Walpole and Pondville (Franklin VIII, R S 
20-21). There the pebbles of the conglomerate sometimes exceed 
one foot in diameter but the rock as a whole cannot be said to be so 
coarse as the conglomerate above described. At this locality the 
pebbles become larger toward the south but the gradation is not so 
marked as in the other case. At Pondville (Franklin VIII, K 29) 
the conglomerate associated with the finer sediments is relatively 
fine and the pebbles consist of white quartz. Neighboring ledges 
of conglomerate extend northwest from M 30 to L 29. At the south 
these ledges consist of fairly coarse conglomerate of the normal type, 
with pebbles five inches or more in diameter, but northwestward the 
latter becomes finer and alternates with sandstone and slate. Thus 
in a general way the direction of gradation in texture in the southwest- 
em part of the basin is opposite to that of the northeastern portion. 

As in the Boston Basin the smaller pebbles attain the greatest 
degree of rotundity but even these can seldom be described as well 
rounded. They are more properly termed subangular or rounded. 

Bedding, — As in the case of the Boston Basin the bedding is best 
displayed where the finer sediments occur. Satisfactory determina- 
tions are often not easily obtained. Nevertheless the proportion of 
the outcrops observed that display features of bedding is greater 
in the Norfolk Basin than in the Boston Basin. Many boulders 
and large masses of the sedimentary rocks not certainly in place 
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have been studied but have not been included in the following 
enumeration. They are entirely similar to the masses more cer- 
tainly in situ and it is believed that their exclusion will not materi- 
ally modify the proportions given. 

: — Bands. In the Norfolk Basin banding is again the prevalent 

type of bedding. Of the thirty-six outcrops recorded in the writer's 
field notes twenty-three exhibit some degree of banding. The areas 
where these features occur are not confined to any particular region 
but are generally well distributed throughout the basin. In some cases 
the banding is well defined and the several types of sediment are clearly 
bedded with no transition between coarser and finer materials. Such 
a condition is seen in some parts of the ledge southeast of Norwood 
(Dedham, I, X 32) where slate and conglomerate with pebbles one or 
two inches in diameter sometimes occur together with no gritty nor 
slaty bands between. In other cases the banding is very indefinite 
and irregular so that no sharp line of division can be drawn between 
the neighboring types and the attitude of the band can be determined 
only by its general appearance in the ledge. Sometimes the indefinite 
bands are narrow and may become mere streaks. The latter are, 
however, not abundant; only two or three cases have been noted. 

: — Lenses, The occurrence of lenses in the Norfolk Basin has 

been observed in only four localities : in the gritty portion of the rocky 
ridge east of the Neponset River (Dedham IV, I J 25), in sandstone 
ledges in approximately the same strike east of Ponkapoag Pond (Ded- 
ham IV, Y 25), in the large masses of coarse conglomerate not certainly 
in place south of Bear Hill (Dedham VII, E F 18), and half a mile 
east of the last locality (Dedham VII, G 19). In all cases they are 
composed of red sandstone and are so small that little can be deter- 
mined with reference to their arrangement. 

: — Cross-bedding. Cross-bedding is even less common than 

lenticular arrangement. Only three cases have been observed and these 
are found toward the southern end of the rocky ridge above mentioned 
and in the large separated masses or ledges of sandstone at the north- 
west end of Great Pond. The best example occurs at the ledges on 
Pecunit Street in Canton (Dedham IV, I J 25). 

: — Ripple-Tnarks and Mtid-cra>cks, Ripple-marks and mud- 
cracks have been observed at only one locality, the Pecunit Street ledges 
above mentioned. They are well exposed and show that the strata are 
not inverted. No traces of organic forms were seen on these surfaces 
but farther north in the same ridge, and farther south in the ledges at 
Pondville, traces of tree trunks or roots have been found, while in the 
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railway cut near Canton Junction actual plant stems have been recov- 
ered, as noted on page 101. 

: — Local Unconformities. No cases of local unconformity have 

been seen by the writer in the Norfolk Basin. There is however some 
evidence of contemporaneous erosion here as in the Boston Basin. 
Occasional pebbles of sandstone and grit similar to the sediments of 
the basin are inclosed in the conglomerate. An instance of this kind 
is found in the exposures south of Bear Hill (Dedham VII, £ F 18). 

Relations to Subjacent Rocks. . The coarse conglomerate along the 
south side of the Blue Hill Range is believed by Crosby to be the 
basal member of the series and to rest in sedimentary contact against 
the crystallines of the Blue Hills region (n, p. 477). There is however 
some reason for questioning this view. The dbcussion of the evidence 
for and against Crosby's idea is reserved for the following chapter. 
At Pondville the basal strata are unquestionably exposed. Arkose, 
overlaid by slate, sandstone, and quartz-pebble conglomerate, rests 
against the granite from which it was derived. The actual contact 
of the arkose with the granite b not seen but the arkose is so evidently 
the recomposed debris of the granite that there can be no doubt that 
the latter forms the floor on which the former was deposited. The 
formation of the arkose and of the quartz-pebble conglomerate above 
indicate a long period of subaerial disintegration of the land from 
which these materials were derived. 

little or no resemblance is to be seen between the rocks exposed 
near the granite at Pondville and the glacial accumulations of the 
Great Ice Age. Since the actual contact is not exposed it cannot be 
determined by direct observation whether polished and striated sur- 
faces underlie the arkose but the presence of the latter and the over- 
lying stratified deposits, both entirely unlike ordinary till, render any 
such supposition untenable. Similarly there is no evidence that 
striated surfaces underlie the conglomerate along the south side of 
the Blue Hills. 

Summary of the Norfolk Basin Series. (1) In the northeastern part 
of the basin the conglomerate lies along the northern border of the 
sediments. In the southwestern part conglomerate appears in most 
of the localities where the sediments are exposed. 

(2) Igneous rocks, so far as their occurrence is known, are sub- 
ordinate features. 

(3) In the northeastern part of the basin the gradation in texture 
of the series from coarse to fine is well marked from north to south. 
In the southwestern part a less well-defined gradation in the opposite 
direction occurs. 
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(4) Banding is the prevalent type of bedding and is displayed in 
some form in most of the outcrops. 

(5) Lenses are not conmion and no definite arrangement of them 
has been observed. 

(6) Cross-bedding, ripple-marks, and mud-cracks are relatively 
rare. They indicate that the strata have not been inverted. 

(7) Contemporaneous erosion during deposition is indicated by the 
inclusion of portions of the sediments as pebbles in the conglomerate. 

(8) The sediments were deposited on a surface long exposed to 
subaerial disintegration. There is no evidence of ancient glacial 
scoring. 

The Narragansett Basin Series. — Distribution: — Arkoae. 
Areas of arkose occur at several places along the border of the Nar- 
ragansett Basin. Exposures are found near Fall River, along the east 
shore of Narragansett Bay south of Tiverton, at Sachuest Neck, along 
the western bolder of the basin from Natick into Cranston, and on 
some of the islands in the bay. In some localities, as at Steep Brook 
(near Fall River), it does not appear to be actually the basal mem- 
ber of the series (Foerste, b, p. 269) but in all the cases noted it 
forms one of the basal members. According to Shaler the arkose is 
irregularly distributed in patches rather than in extended masses fol- 
lowing an ancient shore line (Shaler et al., p. 53). 

: — ConglcmenUe, Conglomerate occurs at varying horizons in 

the series from the base to the top but coarse conglomerates form the 
upper members. The latter rock in the northern part of the basin is 
confined to somewhat elongated synclinal areas extending east-north- 
east. The principal exposures are at Attleboro, Somerset, Dighton, 
and Swansea, Mass. (Woodworth, d, p. 184-185). The coarse con- 
glomerate at Seekonk (Providence VIII, G 18) resembles that at 
Attleboro and Dighton and may perhaps be correlated with the lower 
member of the Dighton group (ibid., p. 174). In the southern part 
of the basin coarse conglomerates occur again at Purgatory, Paradise 
Rocks, and Miantonomy Hill near Newport. 

— — : — Sandstone. Sandstone accompanies the coarser and finer 
sediments at varying horizons. It does not form masses extensive 
enough to be correlated and mapped as units but it is interbedded 
with other sediments in each of the major groups of the series. The 
sandstone presents several fades. An important and interesting mem- 
ber known as the Attleboro sandstone is well exposed west of the water 
tower in North Attleboro and again south of Goat Rock and north of 
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Hoppin Hill. The rock is massive and fine grained, varying from 
green to brown in color. The massive structure and the angularity of 
the particles of quartz and feldspar seen under the microscope make 
it likely that it is to be regarded as an ash deposit accompanying the 
felsite flows of the northwest comer of the basin (Woodworth, d, p. 151). 
Another more normal type is well exposed at the Thatcher Road 
bridge a mile south-southwest of the Attleboro station. About forty 
feet of coarse gray, conglomeratic sandstone are exposed in a fine 
glaciated ledge above the railroad. Farther north, at SheldonviUe, 
and eastward, the sandstones are deeply colored red. 

: — Shale. Shales form a large proportion of the Carboniferous 

series in the Narragansett Basin. They occur in varying horizons 
but are most conspicuous in the middle group or the Coal Measures. 
They are frequently carbonaceous and fossiliferous and are accom- 
panied at many localities by beds of coal. They are widely dis- 
tributed throughout the basin but assume greater importance toward 
the southern part. 

: — Limestone, Two occurrences of limestone are known in the 

Narragansett Basin. The main exposure is found at the south base 
of the hill occupied by the town of South Attleboro. Only six feet 
of sediments appear in the section. The limestone occupies irregular 
kidney-shaped cavities or is found in rude layers or isolated nodular 
masses one-half inch in diameter, frequently elongated parallel to 
the strike, and lies stratigraphically low in the red series. The other 
occurrence is at North Attleboro, where the rock is entirely similar in 
character and mode of occurrence. In both cases the limestone b 
evidently of secondary origin and resembles that of the Norfolk 
Basin (Woodworth, d, p. 149-150). 

: — Associated Igneous Rocks, In the northwestern part of 

the basin near North Attleboro contemporaneous acid volcanic rocks 
accompany the Carboniferous sediments. The mutual relations of 
volcanics and sediments are discussed in the succeeding chapter. 

Texture of the Conglomerate, Variations in the texture of the 
conglomerate occur both vertically and horizontally. The coarsest 
conglomerate lies at the top of the series and is preserved only in s^ti- 
clinal areas. At the junction of Thatcher and County Roads in 
Attleboro, and half a mile south, the upper conglomerate is well exposed. 
The pebbles attain the size of six or eight inches. Farther south, at 
Purgatory and the Paradise Rocks near Newport, the conglomerate 
is much coarser, indicating a gradation in texture in that direction. 

The relation of shape to size, in the case of the pebbles, is not so 
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clearly shown in the coarse conglomerate of the Narragansett Basin 
as in the other basins. The large pebbles at Purgatory have been so 
distorted that their original shape is not well seen. From their pres- 
ent appearance, however, it may be inferred that they were originally 
subangular to rounded. Thus it is probably true in this basin as in 
the others that the larger pebbles are more irregular in shape than the 
smaller pebbles. 

Bedding. The writer's observations in the Narragansett Basin 
have not been sufficiently numerous to furnish numerical data with 
reference to the features of bedding. The evidence at hand, how- 
ever, goes to show that the bedding is ordinarily well indicated, except 
in the case of the coarsest conglomerates. 

: — Bands. Banding is again the prevalent type of bedding and 

displays in general the characteristics noted in the Boston and Norfolk 
Basins. In the coarser textured rocks it is likely to be more or less 
indefinite with a. tendency to the development of streaks. In the 
finer sediments the bands are usually well defined. 

: — Lenses. Lenses are of relatively infrequent occurrence. 

They present the same characteristics already noted in the Boston 
and Norfolk Basins. 

: — Cross-bedding. Cross-bedding occurs in some of the sand- 
stones and grits but only occasionally. The best example known to 
the writer is found in the ledges at the Thatcher Road bridge south of 
the Attleboro station. There both banding and cross-bedding are 
beautifully exhibited on the natural polished surface of the ledge. The 
attitude of the cross-bedding indicates that the upper surface of the 
beds is on the north. 

: — Ripple-^marks. Some of the finer sediments have ripple- 
marked surfaces which bear organic markings or the imprints of rain- 
drops. At the quarry half a mile south of the junction of Thatcher 
and County Roads in Attleboro an excellent exposure of micaceous 
shaly sandstone displays all these features. The ripple-marked sur- 
faces, now nearly vertical, are marked with raindrop impressions, 
worm-trails, and rush-like imprints of stems or leaves. In the railway 
cut a mile north-northeast of the station at Perrins in Seekonk 
the dark gray, micaceous, shaly sandstone bears obscure casts, possi- 
bly of organic origin, while in the same section more carbonaceous 
and shaly layers contain plant stems. 

: — Local Unconformities. Local unconformities, inferred in the 

other basins from evidence derived from the pebbles, are clearly exhib- 
ited in some parts of the Narragansett Basin. The ledge at Thatcher 
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Road bridge in Attleboro shows two or three fine examples that have 
been described and figured by Woodworth (d, p. 176-177). A bed 
of fine sandstone twenty feet thick has been excavated to the under- 
lying coarse pebbly beds and then the eroded area covered with 
coarse sands. A few yards farther north another exposure by the 
roadside shows erosion following the deposition of red shale and 
preceding the deposition of gray beds. Fragments of the red shale 
are included in the overlying gray sediments. 

Relations to Subjacent Rocks, The contact of the Carboniferous 
sediments with the underlying rocks is seen at several places along 
the border. On the western side of the basin two and one-half miles 
north of Natick, R. I., the basal beds rest upon the Precarboniferous 
tenrane. They contain many angular fragments and rounded pebbles 
derived from the older rocks, the material of the pebbles vaiying with 
the character of the underlying floor (Foerste, b, p. 253). On the 
eastern side of the basin at Tiverton the contact between the granite 
and the overlying Carboniferous rocks is well shown. The elastics 
consist of interbedded arkoses and coaly shales, sometimes one and 
sometimes the other in contact with the granite (ibid., p. 272). Where 
arkose occurs along the border it is generally found near those places 
where the immediately underlying rocks consist chiefly of granite 
(ibid., p. 375). The arkose and the basal conglomerate show that 
the Precarboniferous rocks were subjected to protracted subaerial 
disintegration before the deposition' of the sediments. 

No polished nor striated surfaces nor other evidences of ancient 
glacial conditions are exhibited by the various observed contacts. 

Summary of the Narragansett Basin Series, (1) Conglomerates, 
sandstones, and shales, with some coal beds, occur interbedded 
at various horizons, but the coarse conglomerates occur at the top 
of the series and are confined to elongated synclinal areas. 

(2) Contemporaneous acid volcanic rocks are associated with the 
series. 

(3) The upper conglomerate becomes coarser toward the south. 

(4) Banding is the prevalent type of bedding. 

(5) Lenses are relatively uncommon and present the same charac- 
teristics noted in the Boston and Norfolk Basins. 

(6) Cross-bedding and ripple-marked surfaces occur occasionally. 
They show that the strata are not inverted. 

(7) Two well-defined examples of local unconformity appear at 
Attleboro. 

(8) The sediments were deposited on a terrane deeply disintegrated 
by subaerial agents. There is no evidence of ancient glacial scoring. 
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The Harvard Conglomerate. — Distribution, The Harvard 
Conglomerate occupies only a limited area near the town of Harvard, 
Mass. The best exposures are found on the top of the hill about half 
a mile north of the center of the town. Sandstone and grit are 
interbedded with the conglomerate, which on the north is over- 
laid apparently conformably by phyllite. No igneous rocks appear 
to be associated with the series. 

Teaeture of the Conglomerate, No definite gradation in texture 
was seen, and no definite relation between the size and shape of the 
pebbles was observed. Large and small pebbles alike were angular 
or subangular. 

Bedding, The bedding of the conglomerate and sandstone is of 
the banded type. No lenses, cross-bedding, ripple-marks nor local 
unconformities were noted. 

Relations to Sid)jacent Rocks, No definite data with regard to the 
relations of the conglomerate to the subjacent rocks are at hand save 
Burbank's statement that it is " interstratified with the enclosing 
gneiss" (p. 224r-225). No indications of ancient glaciated surfaces 
are to be found. 

General Summary. — (1) In each of the three basins arkose 
occurs at certain places along the border but it does not appear in the 
Harvard Conglomerate. 

(2) Conglomerate occurs in all three basins, interstratified with 
finer sediments* The same relation is seen at Harvard. 

(3) Contemporaneous igneous rocks occur in all three basins but 
not at Harvard. They attain greatest importance in the Boston Basin. 

(4) The conglomerate in the Boston Basin grades into finer rock 
north, east, and south. In the Norfolk Basin the gradation from 
coarse to fine is from north to south in the northeastern part and less 
distinctly in the opposite direction in the southwestern part. In the 
Narragansett Basin the conglomerate becomes coarser toward the 
south. In the Boston Basin the decrease in coarseness consists 
mainly in a change in the relative proportions of gritty or sandy 
materials in the rock rather than in a (Ufference in the size of the 
pebbles. In the other basins this feature is not so clearly shown. 
No direction of gradation was observed in the Harvard Conglomerate. 

(5) Bedding is not well developed in the coarsest conglomerates 
but is better showm where the finer sediments appear. Banding is the 
prevalent type. 

(6) Lenses are of relatively infrequent occurrence and tend to be 
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grouped in the same horizon or in parallel horizons rather than in 
interwoven bundles. 

(7) Cross-bedding is not a common feature but it occurs in all three 
basins. It has not been observed at Harvard. 

(8) Isolated occurrences of ripple-marks, found in each basin, show 
no inversion of the strata, except possibly in a single case at Brighton, 
where the apparent inversion may perhaps be due to the neighboring 
igneous intrusion. No ripple-marks were seen at Harvard. 

(9) Evidence of contemporaneous erosion is found in all three 
basins and in the Narragansett Basin well-marked examples of local 
unconformity occur. No evidence of this character has been found 
at Harvard. 

(10) The sediments in all three basins were deposited on an old 
surface long subjected to the agents of subaerial disintegration. There 
is no evidence of ancient glacial scoring. The relations at Harvard 
are not clear but no Evidence of ancient glaciation has been observed. 



Structure of the Conglomerates. 

The Boston Basin. — Literature. Although limited in area, the 
Boston Basin has been made the subject of a considerable literatiu^, 
chiefly, however, in the form of short papers referring to specific fea- 
tures of the basin, or longer papers of broader scope, in which the 
features of the basin are mentioned only incidentally. The Danas 
(1818) speak of the petrographic character of the graywacke; they 
note the size of the ingredients, from rolled masses to grains of sand, 
the relative abundance of quartz and petrosilex, and the less frequent 
occurrence of porphyry, argillite, and '*sienite." They also speak of 
the character of the cement as consisting not of argillite but of gray- 
wacke, often so fine in grain as to appear homogeneous. President 
Hitchcock (1833) states that the argillaceous slate in the vicinity 
of Boston is intimately associated with the graywacke and probably 
ought to be considered as a variety of that rock. He includes the 
melaphyrs with the graywacke. In 1856 W. B. Rogers announced 
the discovery of Paradoxides harlani Green at Braintree. 

In the early sixties the controversy as to the nature and origin of 
certain pebbles in the conglomerate arose. President Hitchcock, 
supported by his son, C. H. Hitchcock, from studies at Newport, R. I., 
and at localities in Vermont, contended that the rocks in these places 
show different stages in metamorphism whereby conglomerates and 
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allied rocks may be changed to gneisses and schists by pressure, the 
rocks becoming plastic. These views were vigorously opposed by 
Jackson and Rogers, who argued that the so-called distorted pebbles 
were only water-worn joint-blocks. The same contest was still con- 
tinued as late as 1880 by Crosby and Wadsworth, the former claiming 
that at certain ledges in Brighton the pebbles showed signs of deforma- 
tion while in a state of plasticity induced by pressure, while the latter 
asserted that the features noted were produced by the glaciation of 
the water-worn pebbles exposed at the surface of the ledges. 

Papers by Hunt in 1870 refer to the sediments of the Boston Basin 
only in a general way. A few years later Dodge contributed two 
important but brief papers on the geology of Eastern Massachusetts. 
Shaler has written several short papers, notably an account of the 
slate exposed in the floor of the Chestnut Hill Reservoir and its rela- 
tions to the overlying conglomerate and a short paper describing the 
Boston and Narragansett Bays as overlapping synclinal troughs, 
faulted down longitudinallv and transversely. In his later mono- 
graph on the Narragansett Basin the same writer includes certain 
features of the Boston Basin in connection with his treatment of the 
Rhode Island sediments. 

The most extended and detailed studies of the Boston Basin have 
been made by Crosby, who has written a series of lengthy papers 
which will be referred to later. Briefer papers announcing the dis- 
covery of fossils and discussing the structure of the Newton-Brookline- 
Brighton area have been published more recently by Burr. 

The igneous rocks of the basin have been discussed by a number of 
writers, including Wadsworth, who gives an extended bibliography 
of the geology, mineralogy, and petrography of the basin up to 
1877, Crosby, Benton, Davis, Williams, DiUer, Wolfif, MLss Bascom, 
Hobbs, Wilson, and Burr. 

Early Views of Crosby. Before the announcement by Wadsworth, 
in 1881, that the Paradoxides slates of Braintree are invaded by granite 
there was much difference of opinion as to the relation of the slates to 
the conglomerates. The question is still open as regards the rocks of 
the Boston Basin proper. In his earlier work (1880) Crosby main- 
tained that all the slate is of the same age, Cambrian, as indicated by 
the Paradoxides beds at Braintree, and that the conglomerate under- 
lies the slate conformably and grades upward into it (b, p. 186). In 
opposition to the view that pebbles of slate occur in the conglomerate, 
he maintained that such is not the case, but that the so-called pebbles 
are either contemporaneous deposits of lenses or pockets of $late in 
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the conglomerate, or else decomposed pebbles of felsite or petrosilex 
(ibid., p. 189-190). The melaphyr or amygdaloid he regarded as 
largely of sedimentar}- origin and as underlying the conglomerate. 
Accordhig to his view the rocks of the basin were thrown into a series 
of anticlinal and synclinal folds with numerous faidts, the whole 
pitching eastward; the conglomerate became coarser toward the base 
and the underlying amygdaloid was exposed in the axes of the syn- 
clinals. 

Later Views, With the discovery of Wadsworth that the slates of 
Braintree are cut by granite it became necessary to regard the conglom- 
erate as more recent than some, at least, of the slate, for pebbles of 
granite occur in the conglomerate. The contention of Crosby that 
the conglomerate underlies all of the slate could no longer be sus- 
tained. In his later papers he still maintains that the conglomerate 
pasaes conformably upward into slate, but that there are two slates 
of different ages. With this view it may be said that most geologists 
agree. The occurrence of slate pebbles in the conglomerate is now 
admitted by Crosby. The work of Benton and others has shown 
that the amygdaloid is a true igneous rock and cannot be regarded as 
sedimentary. Moreover, it has been shown by Burr (b, p. 64) that 
the position of the amygdaloid cannot be regarded as inferior to the 
conglomerate but that it occurs at var3dng horizons and is not confined 
to anticlinal axes. The main structural features of the basin as out- 
lined by Crosby in his earlier report are still believed to be correct 
but certain modifications have been necessary, which will appear La 
the more detailed account of the structure that is to follow. The 
southern and southeastern portions of the basin have more recently 
been worked out in considerable detail by Crosby and his results have 
been largely employed in the present discussion of those areas. 

General Structure: — The Northern Boundary, The relative straight- 
ness and uniformity of the escarpment from Maiden to Waltham has 
already been mentioned. In only one place is there an important 
interruption. At Medford a small area of conglomerate lies north of 
the Somerville slate and rests against the northern crystallines. The 
escarpment weakens at this point. The relations of this conglomerate 
to the neighboring slates are somewhat uncertain, because no satisfac- 
tory dip has been obtained. According to Crosby the conglomerate 
has a southerly dip and is overlaid conformably by quartzite or sand- 
stone. This seems to be the general view (Crosby, g, p. 16; LaFoi^ge, 
p. 74-76). Thus the conglomerate would appear to pass beneath the 
slates and to be continuous with the conglomerate south of the Charles 
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River. This is the view held by LaFoi^. A somewhat similar view 
is held by Crosby, except that the latter believes that the continuity 
•of the conglomerate is interrupted by a fault, with downthrow on the 
south along the smooth escarpment (Crosby, g, p, 21). In his dis- 
cussion of the probability of a boundary fault LaForge (p. 89) presents 
two facts that militate, as he thinks, against the hypothesis. First, 
the great Medford dike extends from the sedimentary rocks of Somer- 
ville well into the igneous highlands without evidence of being faulted. 
Second, the conglomerate and arkose of West Medford appear to pass 
into the granite next to which they occur without evidence of faulting. 
As regards the first objection it may be said that though no direct 
evidence of the faulting of the dike is at hand it is by no means certain 
that no faulting has occurred. The dike cannot be traced by con- 
tinuous outcrops from Somerville into Medford; furthermore, it is 
-crossed .by the valley of the Mystic just south of the escarpment. 
But, even if the dike is not faulted, it cannot be assumed that the 
escarpment does not represent a fault, for if the dike were younger 
than the period of faulting, which is not unlikely, it- might readily 
pass across the previously formed fault plane without itself becoming 
faulted, though in that case branches of the dike might be expected 
to traverse the fault for a certain distance in either direction. The 
•second objection does not hold, for the conglomerate and arkose 
might be supposed to represent a remnant preserved in a depression 
•of the crystallines and uplifted with them by the faulting, so that the 
upper members of the series were carried above the level of erosion. 
According to LaForge's view the escarpment forms an old shore line 
against which the slates and conglomerates were deposited (p. 90). 
This is indeed the narrow terrane view. The relations of the rocks 
in the Boston and adjoining basins seem to warrant the supposition 
that the area of deposition was far more extensive and that disloca- 
tions subsequently occurred on so large a scale as to justify the 
hypothesb of a fault of the dimensions required by the appearance 
of the escarpment. The present topographic form is probably the 
result of differential erosion and does not in itself express displace- 
ment. Thus from the above discussion it appears that while it is 
true that no eonclusive evidence has been adduced in favor of the 
boundary fault hypothesis it is also true that no valid arguments 
have been advanced against it. 

: — The Somerville'Cambridge Slate. According to LaForge (p. 

38-39) the slates of Somerville and Cambridge are generally considered 
4IS forming a great syncline, the axis of which runs along the valley 
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of the Charles River between Cambridge and Brighton. The Som- 
erville portion, though locally much folded (ibid., p. 77), b, on the whole, 
tilted southward. It is matched on the south side of the Charies 
River by a band of slate or mixed slate and conglomerate, var^dng 
in width and dipping north and overlying a great mass of northward 
dipping conglomerate. According to this view the Medford conglom- 
erate underlies the slate and rises from beneath it. The northern 
outcrops of the slate are stratigraphically older and lower than the 
southern outcrops and are more arenaceous. The structure of the 
eastern portion of the Somerville area is a relatively simple mono- 
cline with a low southerly dip. The western portion, however, is 
much more complicated and appears to consist of an assemblage of 
folds not sufficiently exp>osed for correlation (ibid., p. 38-39). An 
anticlinal axis "^ith a northeast-southwest trend is believed to pass 
beneath Meetinghouse Hill in Watertowii. This has been represented 
in the accompanying section (Plate 6). Assuming an average dip 
of 20° for the northern limb of the great syncline, the thickness of the 
slates in Somerville may attain the maximum of 2,300 feet. A well- 
boring in Cambridgeport which does not pass entirely through the 
slate shows the latter to be at least 900 feet in thickness (ibid., p. 77). 

On the south slope of College Hill in Somerville (ibid., p. 25), there 
is a limited outcrop of quartzite. Similar rocks occur at Everett 
and East Chelsea, though the identity of these quartzites has not been 
established. In Somerville the quartzite lies in the axis of a pinched 
S3mcline. It b not known whether these beds overlie or come within 
the Somerville slate but no stratigraphically higher rocks are seen 
overlying the quartzite in any of these localities. At Maiden (ibid., 
p. 70-72), along the railroad between Faulkner and Maplewood, 
cross-bedded slates occur with a northwesterly dip of 55°-90°. The 
indications from the cross-bedding are that the strata have been 
overturned toward the southeast. 

The age of the slates has never been satisfactorily deteimined. 
They are probably either Carboniferous or Cambrian. The aigu- 
ment for their Cambrian age b set forth by LaForge (ibid., p. 81-82) 
as follows: — 

(a) They are lithologically similar to the recognized Cambrian 
slates of the region. 

(b) They are lithologically similar^to the slate at Hyde Park, which, 
though of undetermined age, b certainly older than the conglomerate, 
since it is cut by granite, pebbles of which occur in the conglomerate. 

(c) They are cut in one or two places by intrusions which are 
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apparently part of the fekite period of eruption and felsite pebbles 
are found in the conglomerate. 

(d) It is inconceivable that so great a thickness of unfossiliferous 
sediments could be formed well into Carboniferous times, 

(e) Indefinite forms, possibly organic^ have been found in the 
slates and these present Cambrian rather than Carboniferous facies. 

(f) The whole thickness of slate exposed in Somerville is capped 
or overlaid by quartzite, — a feature unique in the Carboniferous of 
New England but common in the Cambrian formations. 

The ailment for the Carboniferous age of the slates is thus out- 
lined by the same writer (ibid., p. 82-84) : — 

(a) The originally highly carbonaceous character of the slates. 

(b) The commonly accepted view of the structure. 

(c) Their lithological similarity to the slate interbedded with the 
conglomerate. 

(d) Their comparatively fresh, unaltered and unmetamorphosed 
condition. The known Cambrian areas are affected by dynamic 
and contact metamorphism. 

(e) The similarity of the igneous rocks north and south of the basin 
points to their former continuity, the excavation of the basin, and the 
def^ition of the included sediments. 

(f) The inclusion-bearing dike in the Mystic quarry contains frag- 
ments of andesitic breccia quite like the breccia outcropping in 
Maiden. The latter are Postcambrian. 

(g) The long line of exposures parallel to the line of the crystalline 
boundary shows only two doubtful cases of any intrusive rocks which 
appear to belong with any of the igneous rocks of the escarpment. On 
both sides of the slate in Medford and in Brighton occur conglomer- 
ates containing pebbles of these igneous rocks and the contacts are 
probably sedimentary. 

Perhaps the strongest argument for the Cambrian age of the slates 
is their resemblance to the known Cambrian rocks of the region and 
their marked dissimilarity to the known Carboniferous rocks of neigh- 
boring areas, especially to the rocks of the Narragansett Basin. The 
intrusion of the slates l\y felsitic rocks, if definitely proved, would be 
a strong argument for the Precarboniferous age of the former, if such 
intrusion can be shown to be definitely felsitic or granitic, and infre- 
quency of occurrence need not necessarily weigh against the argument. 
The base of the slates is not certainly exposed. Intrusions penetrat- 
ing only the lower portion of the slates may exist without having as 
yet been discovered. Perhaps some of the numerous quartz veins 
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by which the formation is cut may represent the upward extension 
of such intrusions, since the latter are commonly believed to be attended 
by silicated solutions. 

The most serious difRculty in the assumption of Cambrian age is 
the question of structure. Two hypotheses may be suggested. First, 
the pinched syncline at College HUl, the apparently overturned syn- 
cline at Maiden, and the overthrusting shown in the vicinity of Chest- 
nut Hill suggest that the strata from that point northward may be 
inverted and that the older Cambrian strata may thus be brought 
to the surface. A second hjrpothesis is that a fault with upthrow to- 
ward the north occurs along the northern border of the conglomerate 
area from Brighton toward Aubumdale. Such a fault could easily 
escape recognition on account of the relative weakness of the rocks 
on either side and the heavy drift covering. Evidences of such a 
fault are not entirely wanting. The long conglomerate ledge by the 
railroad track at West Newton shows intense shearing; the pebbles 
of the conglomerate are elongated and cracked and the front of the 
ledge rises in a straight and smooth escarpment suggestive of faulting. 
At Aubumdale, half a mile east of the railroad station and a few rods 
south of the tracks, conglomerate with interbedded slate is found dip- 
ping 85^ S£, and the pebbles are highly sheared. Such a dig is 
unusual along the northern border of the conglomerate and suggests 
drag. On the supposition that the slates are upthrown by faulting, 
the northern crystallines must be assumed to be down-faulted along 
the Maiden and Waltham escarpment so that the slates are brought 
into opposition with thef Medford conglomerates. 

As regards the first hypothesis it may be said that the strata in the 
district north of the Chestnut Hill fault show no definite evidence of 
inversion. On the contrary, the ripple-marked sandstones in Brighton 
and the apparent conformable passage of the conglomerate upward 
into slate tend to show that the strata are in their normal attitude, 
though it may be said that an unconformable contact might be con- 
cealed by the drift north of the conglomerate boundary. In the second 
hypothesis the evidence of faulting now at hand seems to favor the 
downthrow rather than the upthrow of the ^slates, for in both the 
northern escarpment of the crystallines and the conglomerate escarp- 
ment along the railroad at West Newton the dip of the supposed 
fault planes, so far as it can be determined, is toward the slate, making 
the latter appear as a down-faulted block. The Aubumdale ledges 
lie just about on the strike of the supposed fault at West Newton, or 
perhaps a little to the north of it, so that the apparent drag indicated 
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by the steep southerly dip of the strata at that locality may be due to 
the fact that the beds in question lie on the north or downthrow side 
of the fault. 

On the supposition of the Carboniferous age of the slate the apparent 
conformable succession of the strata and the occurrence of the con- 
glomerate at Medford are readily explained. The supposed down- 
faulting of the slates offers no difficulty, since in that case the effect 
^would be simply to bring higher beds of the series in opposition to 
lower beds. The evidence in favor of either Caml)rian or Carbon- 
iferous age cannot be said to be conclusive, but the latter hypothesis 
accords better with the structural data now at hand, and has therefore 
been represented in the accompanying section (Plate 6). 

: — The Brighton-Newton Area, According to Crosby the 

Brighton Newton area forms an anticline relatively synmietrical at the 
western end where the melaphyr extending eastward forms the axis. 
Toward the east the anticline is broken down and becomes a faulted 
monocline. The southward thrust of the conglomerate arch has crushed 
and partly concealed the narrow syncline of slate along the southern 
border. According to H. G. Woodward no less than six beds of mela- 
phyr, ranging in thickness from 25 to 200 feet, and one important tuff 
bed, besides several dikes of melaphyr, are included in the area 
(Crosby, g, p. 12). 

Burr, on the other hand, finds no evidence of anticlinal structure 
in this area. The conglomerates south of the melaphyr dip north-^ 
ward at prevailingly low angles, while north of the melaphyr the dips 
are still in the same direction, at somewhat steeper angles. Thus the 
whole forms a monocline of increasing steepness towards the north. 
Furthermore, he finds no repetition such as might be expected in the 
case of anticlinal structure. The conglomerates, with interbedded 
sandstones and slates, grow progressively finer northward and there 
* is no swinging of strikes at the eastern end of the conglomerate such 
as might be expected were the strata arched (Burr, b, p. 64-65). 
The writer's observations have not been extended throughout this 
entire field but in traverses both north and south of the melaphyr 
region from Brighton to Newton Upper Falls he has found the diip 
of the conglomerate prevailingly northward and the strike fairly uni- 
form, with local variations only, in a northeast-southwest or nearly 
east-west direction. 

South of the monoclinal area occurs a narrow slate belt which is 
exposed in several localities near the eastern part of the Chestnut Hill 
Reservoir, on the north side of Beacon Street at Newton Center and 
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westward near the Charles River. Crosby interprets the structure 
as a syncline closely folded and wedging out westward. Towards 
the east he believes that the syncline broadens as it approaches Boston 
Harbor. He recognizes the tfirust faulting at Chestnut Hill Reser- 
voir and at Newton Center but considers these dislocations merely 
as interruptions of the syncline. (Crosby, g, p. 11). Burr, on the 
other hand, considers the faulting as the main feature, though he 
recognizes the possibility of S3mclinal tendencies at Chestnut Hill 
(Burr, b, p. 63). He states emphatically that there is no swinging of 
strikes at the west end of the slate belt to indicate synclinal struc- 
ture (ibid., p. 65). He believes that the fault dies out westward, for 
at Newton Lower Falls fine conglomerate such as usually occurs 
immediately beneath the slate appears, as if the throw had not been 
sufficient to bring up the lower members of the conglomerate. East- 
ward, too, he thinks the fault dies out, for the conglomerate ridges 
disappear in that direction (ibid., p. 63-64). The latter supposition 
does not, however, necessarily hold, since a general eastward pitch of 
the axes of the conglomerate would carry the latter below the slate 
in that direction. With slate on both sides of the fault the deter- 
mination of the latter would be difficult. 

: — The Savin Hill-Brookline Conglomerate. A broad conglom- 
erate area extends from Savin Hill through the northern part of Dorches- 
ter, Roxbury, West Roxbury, Brookline, and Newton to the Charles 
River. On the north it dips beneath the narrow slate belt just de- 
:scribed and on the south it also passes below the slate, ^dth which it 
appears to be entirely conformable. The northerly dips are relatively 
gentle, usually not exceeding 20^-30®, but the southerly dips are steeper, 
amounting to 60® or 70°. Thus the conglomerate in this zone forms 
a broad and flat-topped anticline, somewhat unsymmetrical, y^ith the 
steeper dip toward the south (Crosby, g, p. 9-10; Burr and Burke, 
p. 183). The conglomerate in this area is abundantly exposed and 
the stratigraphic relations are fairly clear. On account of the decrease 
in size of the pebbles from Brookline to Savin Hill it is believed by 
Crosby (b, p. 234-235) that the latter beds represent higher members 
of the series and that therefore the axis of the anticline pitches east- 
ward. The general disappearance of the conglomerate beneath the 
slate in that direction leads to the same conclusion. It may be re- 
marked, however, as noted by Crosby (loc. cit.), that diminution in 
^ize of pebbles does not necessarily imply a higher horizon, since it 
has been shown that this feature of a conglomerate may mean simply 
JSL greater distance from the source of supply. 
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: — The Dorchester-Roslindcde Slate, A relatively narrow belt of 

slate extends from Roslindale nearly due east through Franklin Field 
and Dorchester to the coast. Outcrops are few. Topographically the 
belt is marked by a broad valley which is especially well defined near 
Roslindale and is utilized by the Dedham Branch of the New York, 
New Haven and Hartford Railroad. The structure of this belt has 
long been regarded by Crosby as a closely folded, somewhat unsym- 
metrical syncline, because the conglomerate both north and south 
seems to (Up beneath it (Crosby, g, p. 9). There has been, however, 
some diiference of opinion with regard to the matter. Dodge, for 
example, stated in 1881 that he did not know of a single fact support- 
ing the supposition that the West Roxbury-Dorchester slate lies in a 
syncline (Dodge, b, p. 209). Nevertheless the writer is inclined to 
accept Crosby's view of the structure, for at the comer of Bellevue 
Avenue and West Street in Roslindale a beautifully glaciated ledge 
of slate that has been rather recently uncovered shows what appears 
to be a faulted synclinal fold. The rock at this place is rather sandy 
and in places well banded. The entire length of the exposure from 
north to south is about thirty-five or forty feet. Variations in texture 
occur along this line. For the first twenty feet from the north the 
rock is sandy, then follow five or six feet of alternate sandy and slaty 
layers, with some development of cross-bedding, and finally ten feet 
of sandy slate. The northern limb of the fold strikes N 67° E and 
has a dip of 50° south. As the fault is approached the strike becomes 
a little more easterly and the dip somewhat steeper. The fault is 
marked by a brecciated zone three to six inches wide which strikes 
N 57° E and has a vertical or steep southerly dip. The southern 
limb of the fold is parallel in strike and dip to the fault zone. The 
strata of the two limbs do not correspond and the evidence of invei^ 
sion of the layers of the southern limb is not particularly clear. It 
is possible that the slate belt may be merely a slaty member of the 
conglomerate series which has been interrupted by a strike fault, and 
that the appearance of folding may be illusory. But this would 
involve a greater thickness and a somewhat different arrangement 
of strata on the south side of the great Savin Hill-Brookline anticline 
than appears on the north side. Moreover, the conglomerate to the 
south of the slate belt grows coarser in the vicinity of Mattapan and 
Hyde Park in much the same way that the similar change occurs 
northward toward Brookline. Thus the suggestion is strong that 
the strata south of the slate belt appear in descending order in the 
same way that they do northward, that the slates occupy a strati- 
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graphically higher position than the conglomerates on either side, 
and that they are caught in a pinched and faulted syncline that is 
slightly overturned northward. This interpretation has been repre- 
sented on the accompanying section (Plate 6). 

: — The Hyde Park-Mattapav^Sqiiardum Area. From Hyde 

Park east-northeast to Squantum there is a zone of conglomerate with 
occasional included sandy and slaty zones and masses of basic lava. 
The dips are prevaiUngly southerly at relatively high angles, G(f-7(f, 
or even higher. Toward the southwest the area is split by a mass of 
felsite with irregular boundaries that projects northeastward from Ded- 
ham and Hyde Park. Crosby believes the general structure of this 
zone to be anticlinal with the western part eroded and the limbs sepa- 
rated by the underlying. granite and felsite (g, p. 7). The flow struc- 
ture of the felsite originally horizontal is now everywhere highly inclined 
and chiefly vertical, showing that the plication of the Carboniferous 
sediments was shared by their volcanic floor (Crosby, p, p. 80). Ac- 
cording to his view the great arch is not a simple fold, however, for 
it is complicated by several sharp synclines and is broken by numerous 
important faults. The slate is preserved only in narrow belts wedged 
between larger masses of conglomerate by the minor folds and faults. 
He believes also that there are at least three beds of melaphyr and one 
important bed of porphyrite interstratified with the series (g, p. 7). 
Later studies by the same writer and Miss Bascom have shown that 
some of the lavas formerly classed as melaphyr are really less basic 
than that type (Crosby, p, p. 40). The anticline narrows eastward 
and the axis pitches east (ibid., p. 36). 

The present writer has not studied this complicated region with 
sufficient care to enable him to verify or disprove Crosby's view of the 
details of structure but the general view of the region as an anticline 
seems to be warranted by the structure of the slate belt immedi- 
ately to the north and by the direction of variation in texture, as 
already noted. The prevailing southerly direction of the dip shows 
that the strata have been almost isoclined and slightly overturned 
toward the north, as indicated on the accompanying generalized 
section (Plate 6). The felsite area is there represented as involved 
in the anticlinal structure, in accordance with Crosby's view above 
noted. As regards the complications of the anticline it may be said 
that the statement about the preservation of the slate above quoted 
seems a little sweeping, for in a description of the series at Milton 
Lower Mills Crosby speaks of numerous alternations of conglom- 
erate, sandstone, and slate (g, p. 8). That minor folding and faulting 
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do occur, however, ia shown by the anticline of slate in the railroad 
cut just south of the Neponset River at Milton. 

At Squantum the structure seems to be a prolongation of that just 
noted in the southwestern part of the belt. The dips are all southerly 
and more or less steep but the general structure seems to be anticlinal. 
The main characteristics of the structure at Squantum are thus out- 
lined by Crosby (ibid., p. 8): (1) the cleavage across the bedding of 
the slate; (2) the coarseness and irregularity of the conglomerate; 
(3) the repeated alternations of thin layers of sandstone and brownish 
slate; (4) faults on a laige and small scale; (5) closed and overturned 
folds. 

: — The NeponseUHaugh's Neck Region, Between the Hyde 

Park Squantum anticline and the crystallines to the south there is a 
belt of slate that b relatively narrow in the west but broadens rapidly 
eastward. The general structure, according to Crosby (p, p. 35), 
is S3mclinal, but outcrops are few. In the western part of the area, 
near the granite, the slate is underlaid by arkose, which is somewhat 
kaolinized but is nevertheless quite granitic in appearance and the 
whole shows a northerly dip varying from 40° to 70° (n, p. 479). 
Eastward along the granite boundary the arkose and overlying slate 
give way to conglomerate (ibid., p. 482) which, northwest of Presi- 
dent's Hill, grades northward through various alternations into the 
main body of dark gray slate, with northerly dips of 85° to 90° (ibid., 
p. 484). The southerly dips of the conglomerate series of the Hyde 
Park-Squantum anticline on the north and the northerly dips of the 
slates along the granitic border on the south form the basis for the idea 
of synclinal structure. The dips along the southern border appear 
to be somewhat steeper than those along the northern boundary so 
that in the western part of the area at least the syncline seems to be 
slightly overturned northward and has been so represented in the 
accompanying section (Plate 6). 

Eastward in the general direction of the strike of the conglomerate 
near President's Hill occurs the conglomerate at Rock Island, Hough's 
Neck, with its associated slate and melaphyr. The interpretation 
of the structure of this area depends largely upon thq view held regard- 
ing the nature of the melaphyr mass. The latter has been the sub- 
ject of some controversy, and has been considered both as a dike and 
as a flow. The melaphyr forms a ridge flanked on either side by con- 
glomerate passing into slate. On the south side this passage may 
actually be seen, but on the north side it does not appear, though its 
presence is inferred from the occurrence of low outcrops of slate on the 



204 bulletin: museum of comparative zoology. 

same strike a mile or more to the west and from the prevalence of slate 
drift along the beaches to the north. Professor Wolff, in a petro- 
graphic study of the melaphyr, describes the latter as a dike (p. 231). 
Professor Crosby, on the other hand, from the unsymmetrical section 
presented by the melaphyr and from differences in the character of 
the conglomerate on the north anti south of the melaphyr, believes 
the latter to be a flow (n, p. 494), which, together with the inclosing 
sediments, is now inclined southward and forms part of the southern 
limb of a faulted anticline that extends westward to the granite border 
and connects westward with the conglomerate already noted near 
President's Hill (ibid., p. 498). On account of the absence of con- 
glomerate outcrops between Rock Island and the granite boundary, 
and the somewhat doubtful character of the conglomerate near Presi- 
dent's Hill, the conglomerate area has not been extended in that direc- 
tion on the map (Plate 7). 

South of the suppK>sed Hough's Neck anticline slate again appears 
which is apparently similar to that immediately north, with which it 
seems to merge eastward and also westward, though in the latter 
direction it may be interrupted by the supposed anticline. The age 
and stratigraphic position of this whole area of slate south of the 
Hyde Park-Squantum anticline is somewhat doubtfid. If the slates 
are Carboniferous they are doubtless conformable with the conglom- 
erates and overlie them. So far as the evidence of superposition of 
strata may be observed in the field it is favorable to this view. 

These slates, however, bear a close lithological resemblance to those 
of the Somerville area and the same obscure, possibly organic, impres- 
sions observed in the Somerville slates are found in the slates near 
the Norfolk Downs station at Wollaston (Woodworth, a, p. 126). 
If the Somerville slates are considered as Cambrian it w^ould seem 
that the Neponset slates should also be so considered. Evidence in 
favor of this view is not entirely wanting. Around the eastern end 
of the Blue Hill Range the lowland is continuous from the region of 
the Neponset slate to the localities at Weymouth and Braintree, where 
known Cambrian fossils have been found. Slate patches or outliers, 
cut by granite dik^lets, rest on the granite at Quincy (Crosby, n, p. 
428 et seq.). Areas of slate near the Boston and Hyde Park boundary 
in the eastern part of the Stony Brook Reservation and the immediately 
contiguous territory show igneous contacts with fine granite and quartz 
porphyry, irregular dikes or apophyses of quartz porphyry and more 
regular dikes of normal felsite (Crosby, p, p. 41-42). These igneous 
rocks are known to be Post-middle Cambrian because of their relations 
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to the slates of Braintree, and they are believed to be Precarboniferous 
because they are represented by pebbles in the conglomerate which is 
supposably of Carboniferous age. 

The relations of the slates at Hyde Park to the conglomerate series 
are not dear. The small slate areas at Quincy seem to be merely 
inclusions or outliers. The sandstone or quartzite at Green I^dge, 
referred to on page 98, resembles to some extent the quartzite at 
Somerville and Everett, but its stratigraphic relations are not known. 
The area is so covered with drift and alluvium that boundaries are 
merely conjectural. 

On the supposition that thQ Neponset slate is Carboniferous these 
Precarboniferous areas must be regarded as outliers or inliers of 
Cambrian sediments resting on the underlying granitic rocks. There 
still remains the difficulty of fixing the relations between the Neponset 
slate on the north and the Weymouth and Braintree slates on the 
south. Crosby has met this difficulty by assuming a fault along the 
northern boundary of the granitic area, extending eastward some- 
where beneath the drift between Hough's Neck and the Lower Cam- 
brian beds at Mill Cove and East Quincy (n, p. 508). The supposi- 
tion that the slates are Cambrian involves even greater difficulties, 
for the field evidence, so far as it may be obtained, appears to favor 
conformable passage upward from conglomerate to slate. If the 
latter is really Cambrian its presence apparently above the conglom- 
erate must indicate an inversion of the strata, or perhaps an over- 
thrust fault, the whole complicated by minor folds or faults to account 
for such features as the Hough's Neck Conglomerate. It must be 
admitted that there is no evidence in favor of such conditions. On 
the contrary, the occurrence of southward dipping, ripple-marked 
sandstones in normal position in ledges by the Neponset River (Boston 
VI, Y 26) is opposed to the idea of inversion of the strata but is favor- 
able to the supposition of anticlinal structure. 

: — The Southern Boundary, The southern boundary of thfe 

Boston Basin sediments is believed by Crosby to be a fault of perhaps 
2,500 feet displacement, with the downthrow on the north (n, p. 509). 
The facts upon which this view is based are the following: the cutting 
out of a great body of Cambrian slate, the brecciation of the granite, 
the rapid narrowing of the conglomerate and the exceptional indura- 
tion of the latter as if by Tiydrothermal action (ibid., p. 428). The 
conglomerate here mentioned is the western extension of the supposed 
anticline, of which the conglomerate and the associated rocks at Rock 
Island, Hough's Neck, form the southern limb. This anticline is 
believed to be cut diagonally by the boundary fault (ibid., p. 498). 
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West of the conglomerate, arkoa^ occurs along the southern bor- 
der. No special significance appears to be attached to the arkose bj 
Crosby other than that it shows that the granitic rocks of the Blue 
Hills area were subject to erosion during the accumulation of the sedi- 
ments (ibid., p. 479). He regards the arkose, together with the over- 
lying slate, as upper members of the Carboniferous series. It may be 
remarked, however, that arkose in other parts of the Boston Basin 
and in the Norfolk and Narragansett Basins is more associated with 
the basal beds of the series. At Pondville, in the Norfolk Basin, for 
example, the arkose rests upon the granitite and is overlaid by shales, 
conglomerates and sandstones. The . formation of arkose requires 
certain climatic conditions that will be discussed later. These con- 
ditions would doubtless obtain not only over the combined areas of 
the several basins under consideration but probably also over far 
wider regions, so that deposits of arkose in the several basins might 
be regarded as in a measure synchronous. Since the arkose is usually 
associated with the basal sediments of the southern basins it is probable 
that the same is true of the Boston Basin also, and that the arkose 
along the southern border really represents the basal member of the 
series. This supposition is opposed to the view that a fault passes 
between the granite and the arkose. More probably it passes to the 
north through the slate somewhere beneath the drift. East of the 
conglomerate the evidence is uncertain. So far as can be judged the 
rock is all slate under a deep drift cover. Crosby believes that the 
northern part of this area b referable to the Carboniferous series 
and the southern part to the Cambrian. He therefore produces his 
fault almost due east from the northern side of President's Hill to the 
coast, in order to obtain the desired separation. In the accompanying 
section (Plate 6) the fault has been indicated along the granitic border 
in accordance with Crosby's idea, but on account of the probably 
basal character of the arkose the writer has more recently formed the 
opinion that it should be placed north of the arkose at least, and per- 
haps north of some of the slate also. 

: — Oudying A reas: — Weliesley-Sovih Natick. From the vicin- 
ity of Newton Lower Falls southwfestward through South Natick, scat- 
tering outcrops of conglomerate, slate, and melaphyr indicate that the 
Carboniferous rocks of the Boston Basin are extended in that direc- 
tion. The most remote outcrop is southeast of Farm Pond in Sher- 
born, reported by Tilton. The area is largely drift covered. Many 
of the ledges have been intensely metamorphosed and recognition 
of their true character is uncertain. The general structure of the 
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region is believed by Crosby to be a broken syncline (g, p. 13). The 
dips are steep northwesterly and almost isoclinal. The highly arkosie 
and f elsitic character of the rock in the vicinity of granitic and f elsitic 
areas indicates that the rocks in this region probably represent the 
basal portions of the series. The high dips and the highly meta- 
morphosed condition of the rocks show the intensity of the folding to 
which the latter have been subjected. 

: : — Hingham. The structure and stratigraphy of the 

Hingham rocks have been worked out in great detail by Crosby in 
one of his later papers on the Boston Basin. According to his inter- 
pretation an anticlinal axis, occupied by granite, extends in a nearly 
east-west direction north of the railroad and of Beal Street. At the 
western extremity of the axis melaphyr and sediments curve around the 
granite and dip away from it, forming the nose of an anticline. East- 
ward, in the vicinity of Hockley Lane, a transverse fault separates this 
area from one in which the order of succession is inverted and mela- 
phyr appears on the south side overl3ring the conglomerate. Probably 
the sediments in this belt are separated from the granite both north 
and south by important faults, bounded northeast by the great fault 
along the east side of Hingham Harbor. Northwest from the west 
end of the granitic axis a steep narrow broken monocline separates 
the granite from the trough holding the great mass of the slate. The 
faulted monocline contains a second band of melaphyr, which broadens 
northeast, forming the large quadrangular area east of Huit's Cove. 
This area is bounded on all sides by downthrow faults. On the west 
the upper conglomerate and slate dip away from the melaphyr. On 
the north the downthrow of the sediments conceals the conglomerate 
and the slate lies against the melaphyr. On the south the narrow 
monocline separating the body of the melaphyr from the granite 
broadens until it reaches the fault at the northwest end of Squirrel 
Hill, where it changes, perhaps abruptly, to a broad and shallow syn- 
cline separated by a strike fault from the southerly monocline of con- 
glomerate and sandstone on the north. These features probably 
extend east under Broad Cove and Otis Hill. The monocline is 
clearly seen at Melville Garden and in the islands of the harbor. West- 
ward from the Garden the east-west strike and southerly dip change 
steadily but rapidly to a north-south strike and a westerly dip. 
Folds are the dominant structure of the Hingham area, but they are 
greatly modified by faults (Crosby, 1, p. 200-202). 

The following table gives the Hingham section as determined by 
Crosby (ibid., p. 203):— 
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Granite Rocks (diorite, granite, felsite). 

1. conglomerate (basal) — thickness uncertain 

2. melaphyr 120-240 feet 

3. fine conglomerate and sandstone alternating . 120-200 

4. gray slate 40- 60 

5. conglomerate, sandstone and slate alternating 100-170 

6. gray and red slate 90-130 

7. conglomerate 30- 50 

8. red slate 20- 40 " 

9. conglomerate 40- 50 " 

10. red slate 20- 30 " 

11. conglomerate 75-100 

12. red slate 50-75 

13. sandstone and conglomerate alternating . . 200-300 
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905-1445 feet 
14. gray slate 500 + 

Melaphyr occurs in only one horizon at Hingham, near the base. 
The distribution of the scoriae and amygdules of the melaphyr are 
such as to suggest a composite flow (ibid., p. 212). 

: : — Nantasket An isolated area of sediments with inter- 
bedded lavas and tuffs occurs at Nantasket. The whole has been 
greatly broken by faults and cut by dikes. Crosby's account of this 
region, published in 1894, is the most complete and detailed study at 
present available, and the following brief summary is taken largely from 
his work. According to his interpretations the entircf peninsula of Hull, 
with the exception of a narrow belt passing under Strawberry Hill 
is underlaid by slate, but the entire peninsula is composed of drumlins 
and connecting beaches of sand and shingle, and there is only one out- 
crop of slate — a single ledge on the south side of Thombush Hill 
(Crosby, k, p. 1) — so that the interpretation is based on scanty 
evidence. Beneath Strawberry Hill he thinks the underl3dng rock 
is conglomerate, though no outcrops appear, for at Harding's Ledge, 
off shore in the line of strike of Bumpkin Island and Strawberry Hill, 
indications of conglomerate have been found, and it is supposed that 
the conglomerate of Hough's Neck may be continued in that direc- 
tion (ibid., p. 104). 

The mainland immediately adjoining the southern end of the penin- 
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sula is composed almost entirely of rugged ledges of conglomerate 
and melaphyr that form a striking contrast to the smooth and gentle 
outlines of the drumlin and beach formations. Crosby considers the 
whole area a monocline, which, though shattered by numerous faults 
and dikeSi exhibit low and uniform dips. Along the north margin 
of Atlantic Hill at Rocky Neck the dip is south-southeast 10^-20^. 
Southward it diminishes and becomes more easterly. The sedimentary 
rocks with their included beds and granitic floor are broken by longi- 
tudinal and transverse faults into blocks extremely variable in size 
and form. The principal longitudinal faults such as the border of 
the granite from Straits Pond to Weir River Bay have the downthrow 
to the north. The displacement is so great that although the rocks 
dip toward the granite, one passes from older to newer rocks in going 
northward. The conglomerate is so homogeneous and the tuff so 
local that one must depend largely on the lithological characteristics 
of the interbedded lavas in correlating adjacent ledges as well as the 
more remote (Crosby, k, p. 23). The Nantasket section shows the 
granitic floor overlain by six beds of conglomerate alternating with 
five sheets of melaphyr and tuff, with one sheet of porphyrite, the whole 
aggregating 600 to 960 feet in thickness (ibid., p. 24). The tuff beds 
are local. The lava flows are clearly composite, in some cases repre- 
senting several eruptions in quick succession. This is conspicuously 
true of the great sheet forming Atlantic and Center Hills. The faults 
are either approximately east-west or north-south and the dikes are 
grouped in three systems; (1) the oldest, N 75-80 E; (2) S 75-80 E; 
(3) the newest, N S (ibid., pp. 25-26). 

: : — The Harbor Islands, Lo veil's, GaUup's, Greorge's, and 

Great Brewster Islands are drift covered. The others, almost driftless, 
form part of a great synclinal fold of slate, with intrusive diabase; 
Calf Island is on the north side of the synclinal and the Brewsters 
are on the south side (Crosby, g, p. 1). 

: — Thickness. The only place in the Boston Basin where any- 

thing Uke a complete section hJlLnmeasun.1 is at Hingham. Crosby 
regards the strata there from lowest conglomerate to highest slate 
as one series. The maximum thickness as given in the above table 
is 1,445 feet, but neither the thickness of the basal conglomerate nor 
of the upper slate is known. According to Crosby's view the maxi- 
mum thickness is certainly 2,000 feet and if the Nantasket beds are 
included it is probably as much as 3,000 feet (1, p. 266). If the 
Somerville slates are considered as Carboniferous and as upper mem- 
bers of the series, then the maximum thickness already noted for that 
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formation, 2,300 feet, may be added to the figures here given, and a 
maximum thickness of about 5,300 feet may be obtained for the sedi- 
ments of the Boston Basin. 

: — Summary of Structure. The foregoing discussion of the 

structure may be summarized as follows: — 

(1) The escarpment forming the northern boundaiy of the slates 
is suggestive of a fault. No valid arguments have been brought 
against this supposition. 

(2) The age relations of the Somerville slates are indeterminate, 
but the supposition of Carboniferous age accords best with the known 
structural facts. 

(3) The area from Brighton south to Chestnut Hill Reservoir and 
west to Newton Upper Falls is probably a monocline of increasing 
dip toward the north. The Chestnut Hill slate belt marks the line 
of a great overthrust fault with the fault plane dipping gently north. 

(4) The Savin Hill-Brookline conglomerate area forms a broad, 
flat-topped, unsymmetrical anticline. 

(5) The Dorchester-Roslindale slate belt forms a narrow, faulted 
«yncline. 

(6) The Hyde Park-Mattapan-Squantum conglomerate zone forms 
a broken and faulted anticline, overturned slightly northward and 
eroded at the western end deeply enough to separate the Umbs. 

(7) In the Neponset-Hough's Neck region the question of age 
again arises in connection with the slate. The structural evidence 
favors the supposition of Carboniferous age. Hough's Neck may 
represent part of a faulted anticline. 

(8) The presence of arkose, which elsewhere forms a basal mem- 
ber of the series, is opposed to the supposition of a fault along the 
granitic border, as postulated by Crosby. If the arkose is really 
basal and the Neponset slate is Carboniferous, then the fault proba- 
bly occurs under the drift north of the arkose and granite and the 
latter are brought up to the stratigraphic level of the younger sediments. 

(9) The outlying Wellesley-South Natick area is probably a broken 
syncline. The arkosic nature of much of the sediments indicates 
that probably the basal members of the series are exposed. 

(10) The Hingham area affords the only section that has been 
measured. The maximum figure, 1,445 feet, does not include the 
base of the conglomerate nor any of the overlying slate. The struc- 
ture is characterized by folds greatly modified by faults. 

(11) Nantasket is a faulted monoclinal region, with several inter- 
:stratified flows of lava and beds of tuff. 
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(12) The Harbor Islands are composed of slate and appear to form 
parts of a great syncline. 

(13) The thickness of the conglomerate series, together with the 
overlying slates, probably amounts to as much as 5,300 feet. 

(14) The disposition of the conglomerate and slate areas on the 
map (Plate 7) shows that the arms of slate widen and the conglom- 
erate masses grow narrow toward the east, indicating a general 
structure of anticlinal and synclinal folds pitching east, so that in the 
western part of the area the lower members of the series are exposed, 
while in the eastern part the highest beds appear. 

Relations to the Melaphyrs. In several rather widely scattered 
areas of the Boston Basin melaph3rr accompanies the conglomerate 
series. The main localities are at Nantasket, Hingham, Hough's 
Neck, Brighton, Brookline, and the Newtons. It has already been 
noted (page 202) that rocks in the Neponset valley assigned to 
the melaphyrs have been shown to be less basic than that type. 
At Nantasket and Hingham the lavas are generally believed to be 
flows interbedded with the conglomerate series. At the former 
locality no less than five beds of melaphyr and tuff and one of 
jjorphyrite have been made out by Crosby, as indicated in a previous 
paragraph. The occurrence of the tuff, though limited, is excellent 
evidence of the effusive character of the rock and this is supplemented 
by the occurrence of nimierous pebbles of the basic lavas in the con- 
glomerates that overlie the melaphyrs. 

At Hingham the melaphyr mass is believed to represent a com- 
posite of several flows, on account of the distribution of the scoria- 
ceous and amygdaloidal matter. According to Crosby the contact 
of the melaphyr with the arenaceous conglomerate is parallel with 
the strike of the conglomerate, with only minute irregularities. The 
melaphyr does not penetrate the conglomerate more than the latter 
does the former. Irregular cracks in the lava are filled with fine sand 
now highly ferruginous. There are no distinct inclusions of the sedi- 
ments in the melaphyr but a few small pebbles of the melaphyr occur 
in the conglomerate near the contact. The conglomerate and sand- 
stone exhibit no special alteration or induration. It is evident that 
the sedimentary rocks were deposited on the melaphyr for they fill 
cracks in it and are partly made up of debris from it. Near the con- 
tact the melaphyr fragments are large and angular but the conglom- 
erate as a whole is composed chiefly of felsite and granite (Crosby, 
1, p. 212-214). 

The relations of the melaphyr to the conglomerate at Hough's Neck 
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have been the subject of some diversity of opinion. Professor Wolff 
has described the melaphyr as a great dike. He states that at the west 
end of the outcrop, on the south side, the junction of the melaphyr 
with the conglomerate and red sandstone is very irregular; large and 
small tongues of the dike penetrate into the conglomerate, the latter 
rock striking N 60°-80° W and dipping 70^ S. The junction 
between the two rocks, he says, is sharp and well marked and the 
dike seems often amygdaloidal near the contact. Sections of the 
latter show that the dike is composed of a mass of small feldspars, 
showing a beautiful fluidal arrangement, while they are often bent 
when in contact with the line of the conglomerate. On the north 
side there is a fine vertical exposure where the rock is seen to stand 
almost vertically, the dike cutting the slate and conglomerate a little 
irregularly but nearly parallel with the strike (Wolff, p. 231-232). 
Professor Crosby, on the other hand, advocates the idea that the 
melaphyr is a flow. He maintains that the amygdaloidal and scori- 
aceous character of the upper part of the rock and the imsymmetrical 
section of the melaphyr are normal for a flow but abnormal for a dike. 
The highly but minutely irregular form of the upper contact, the 
compact and fluidal texture of the melaphyr near the contact and the 
abundance of the debris of the melaphyr in the base of the overiying 
conglomerate, while such debris is lacking in the underlying conglom- 
erate are adduced as further evidence of the effusive nature of the 
rock (Crosby, n, p. 494). The greater irregularity of the south con- 
tact of the melaphyr is noted by both Wolff and Crosby. Since the 
rock on both sides of the melaphyr is conglomerate of much the 
same character, it would seem, if the melaphyr were a dike, that both 
north and south contacts would have approximately the same degree 
of irregularity; yet there is a distinct difference in this respect. The 
amygdaloidal character of the melaphyr near the southern contact 
is noticed by bbth observers. While no general law can be stated, it 
may be said that such a characteristic is unusual for a dike but may 
well be expected in the case of a flow. The fluidal arrangement of 
the feldspars and the bending of the latter near the contact are both 
characteristics suitable for a dike, yet flow structure is often a well- 
marked feature of effusive rocks and it might well be that feldspars 
caught in the zone between the slower moving surface of the grad- 
ually congealing rock and the more rapidly moving interior would 
become bent or distorted. The occurrence of melaphyr debris in the 
conglomerate on the south, and the absence of such components in the 
conglomerate on the north are strong points in favor of the effusive 
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theoi?. Nevertheless, at certain places on the south side of the mel- 
aphyr the suggestion of intrusive contact is strong. Little tongues 
of mekphyr appear to cut across the bedding of the slaty layera and 
to mingle with the matrix of the conglomerate so as to enfold the peb- 
bles. Perhaps the first feature may be accounted for by the deposition 
of slaty material in the minute crevices of the rough surface of the 
lava, while the second may be the result of the infiltration of fine 
mud, derived from the erosion of the surface of the melaphyr, into 




Congiomerzie 
Melaphyr 

F[0. e.— Conglomerate and melaphyr at Hough's Neck. 

the matrix of the conglomerate. Perhaps, too, after the surface of the 
flow had cooled, cracks in the crust thus formed permitted the extru- 
sion of the still molten lava below into the rapidly accumulating, 
unconsolidated sediments above. It must be admitted, however, that 
this latter supposition is hardly tenable since the only evidence of 
.such cracks in the melaphyr is found in the numerous dikes that 
4>ccur in it, and these latter, with one or two exceptions, do not cut 
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the conglomerate. The weight of the evidence seems to the writer to 
favor the idea that the melaphyr is effusive. Figure 6 represents a 
portion of the contact along the south side of the exposure. 

The Brighton, Brookline, and Newton areas have been included in 
a discussion centering on the question of effusive or intrusive origin. 
The main participants in the most recent phases of the controversy have 
been Crosby and Burr, the former upholding the effusive theory and 
the latter the intrusive. The main arguments cited by Burr in defense 
of the intrusive theory are: (1) wherever contacts between the igneous 
rocks and the sediments occur the latter are penetrated by tongues of 
melaphyr which cut across the bedding and display little sympathy 
with the stratification; (2) there is always a baked, discolored, and 
indurated contact zone in the sediments; (3) no pebbles, de£nitely 
determinable as melaphyr, occur in the conglomerates that appear 
to overlie the melaphyr; (4) the melaphyr occurs at varying horizons 
and in connection with both anticlinal and synclinal structures, — a. 
feature quite in accord with the intrusive idea (Burr, b, p. 54r-61). 
Crosby maintains on the other hand: (1) that dikes of such width 
(3,000 feet), without holocrystalline structure but with well-marked 
amygdules, cannot be regarded as probable; (2) that in the area 
between Newton Upper Falls and Newton Highlands several bands 
of melaphyr appear interbedded vnih the conglomerate and that these 
bands are solid, homogeneous, and holocrystalline toward their south- 
ern borders but more slaty, amygdaloidal, and scoriaceous northward; 

(3) that these bands are covered with conglomerate which is crowded 
near the contact with angular fragments like the melaph}^, but becomes 
practically free from melaphyr masses within two yards of the contact; 

(4) that the melaphyrs of Boston are essentially unlike known dikes 
or sills; (5) that the irregular contacts may be explained as sedimen- 
tary contacts with the lava surface; (6) that the supposed baking is 
the result of silicification from the chloritization of the melaphyr; (7) 
that the reddening is caused by the impregnation of the sediments bv 
the ferruginous materials of the melaphyr (Crosby, o, p. 324-326). 
Modifying to some extent his former views, Crosby supports Burr's 
contention that the melaphyrs are not confined to one horizon (ibid., 
p. 326). 

The writer has visited many of the localities described by Burr and 
has also had the opportunity of examining his specimens and slides. 
As regards the Brighton area he is in full accord with Burr's conclu- 
sions. The mere fact that it is unusual for heavy bodies of intrusive 
rock to lack holocrystalline structure and to possess amygdaloidal 
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characteristics does not in itself constitute a valid argument against 
the possible occurrence of such rocks. It may very well be conceived 
that large masses of lava have risen through sedimentary rocks near 
to the surface without actually breaking through, or that such masses 
may even have broken through the surface at some stratigraphically 
higher level, so that both the higher sediments and the outpoured lavas 
were eroded away. In either case the lava close to the surface would 
partake largely of the character of rocks that were actually effusive. 
In the case of the Brighton rocks it does not seem to the writer that 
the irregularities of contact can be explained as the result of sedimen- 
tation on the irregular surface of the lava; for in specimens of sand- 
stone and melaphyr contacts, examined on the polished surface with 
a microscope, the layers of sandstone appeared bent and broken as 
the contact was approached, and in the immediate vicinity of the 
latter the layers became fused to a homogeneous, silicified mass, 
highly ferruginous, in which the layer structure could no longer be 
distinguished. Even supposing the silicificiition and discoloration 
to be due to the causes suggested by Crosby it would seem hardly 
possible that the layers would be bent and broken at the contact, 
were the latter sedimentaiy. Some of the larger features of the con- 
tact are shown in Plate 4, which gives views of the east and south 
sides of the ledge a few hundred yards northeast of the sharp bend in 
Commonwealth Avenue (Boston V, I 28). On the eastern side (A) 
the irregular vertical contact is seen cutting across the bedding of the 
sandstone. On the south (B) an irregular strip of sandstone appears 
included in the melaphjo*. Figure 7 (A) represents more minute 
features observed in a ledge back of the convent (Boston V, G H 27). 
In the region of Brookline and Newton the evidence of intrusive 
contact is equally clear in many localities. The same characteristics 
of irregular igneous contact with the baked and discolored zone are 
to be seen at a number of localities, notably at a large flat ledge a few 
rods southeast of the city quarry at Thompsonville. There melaphyr 
and sandstone are exposed in the intimate relation shown in Figure 
7 (B). Evidence of the intrusive nature of the melaphyr is often 
obtained at some distance from the actual exposures of that rock. 
For example, on the south side of Walnut Hill, at several points 
among the fine conglomerate exposures in that vicinity, the matrix of 
the conglomerate is impregnated with a dark red igneous rock which 
envelops the pebbles and mingles with the finer fragments. It is 
usually local and irregular in occurrence and has often become schis- 
tose with the shearing of the rock. Similar impregnations have been 
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noted on the south side of Newton Street in Brookiine, a qu&rtcr of 
a mile east of the north end of South Street, in ledges near the west 
side of South Street a mile from the same point, and at the Arnold 
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Fio. 7. — A. ConlKt of mdaphfr (M) and suidslone (ss) in the IhI^c b»ck of 
the convent al Biighlon <Plan), 
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Arboretum two miles southeast of Walnut Hill. That the impregna- 
tions are truly igneous and not mere infiltrations of fine mud is shown 
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by their tongue-like appearance on the polished surface and by the 
fact that in thin sections under the microscope they appear as irregular 
tongues of ferruginous glass, sometimes devitrified, with a well-devel- 
oped flow structure. It may perhaps be questioned whether these 
igneous intmSions are sufficiently basic to warrant their being classed 
with the melaph3nrs, but since the latter are the only contemporaneous 
lavas yet recognized in this region, and since some of the impregnated 
rocks are near masses of melaphyr and their igneous constituents 
resemble some of the facies of that rock, it seems safe to conclude 
that the impregnations belong to the same series. 

On the ofher hand it is not equally certain that none of the lava 
in that section is effusive. As regards Crosby's contention that the 
upper and lower parts of the melaphyr bands show differences in 
texture, the writer is not prepared to offer an opinion, since he has 
not carefully examined the localities noted; but with reference to the 
question of melaphyr pebbles in the conglomerate he can say that on 
the east side of Langley Street in Newton Center, three-quarters of 
a mile southeast of the railroad crossing, he found in a conglomerate 
ledge by the roadside a basic pebble that in thin section under the 
microscope appeared to be melaphyr. Thus the contention of Burr 
that none such occur seems a little sweeping. Probably the truth 
of the matter is that in this region both the intrusive and effusive 
types of melaph3T occur. 

: — Summary of Relaticns to the Melaphyrs, At Nantasket, 

Hingham, and Hough's Neck the melaph3T is believed to form flows 
interbedded with the conglomerate series. At Brighton the melaphyr 
appears to be intrusive. At Brookline and Newton there are many 
examples of igneous intrusion, where the igneous element is probably 
melaphyr, but the writer does not agree with Burr that all the melaphyr 
in this region b intrusive. Pebbles of melaphyr in the conglomerate 
indicate that surface flows also occurred. 

Metamorphism. The rocks of the Boston Basin are often said to 
be practically unmetamorphosed. Crosby, for example, states that 
in spite of the extent to which the rocks have been sheared, folded, 
and faulted there has been little or no regional metamorphism with 
the development of an indigenous micaceous element (n, p. 504). 
There are, however, abundant signs of incipient metamorphism that 
are worthy of notice. 

In almost every outcrop of the coarser members of the series planes 
of schistosity and cleavage are developed, which are often so perfect 
as to simulate stratification. Sometimes two or more directions of 
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schistosity are developed, but in such cases the strikes of the several 
planes are fairly uniform while the dips differ. The prevalent strikes 
of the shear planes are northeast or east-northeast and the dips, as a 
rule, are steep northerly. 

While it is true that there is comparatively little secondary develop- 
ment of the micaceous element, it often happens that rocks containing 
a large number of febite pebbles of fine grained, homogeneous char- 
acter and greenish color, assume an unctuous appearance and feel. 
Such rocks have been described by Crosby in his earlier papers as 
pinite conglomerate. Where felsitic pebbles and finer material con- 
stitute the main elements of the conglomerate the rockns found to 
shade by almost imperceptible stages into febite breccia and thence 
into compact febite. Such gradations are to be observed at several 
localities, notably at Medford, Mattapan, Hyde Park, and South 
Natick. The impression left upon the observer after a study of such 
localities is that they represent cases where the matrix and pebbles 
or fragments consisting of one and the same kind of rock have been 
gradually welded by d3niamic metamorphism into a compact mass 
entirely similar to the original rock. That such a type of metamor- 
phism may be found among rocks of this character has been shown 
by Dutton in his account of the volcanic conglomerates of the High 
Plateaus, previously quoted (page 116). 

The pebbles of the conglomerate in many localities are flattened, 
elongated, indented, and fractured, and often the matrix presents the 
appearance of flow structure. Sometimes open spaces have been 
left at the ends of the pebbles by the movements induced by the 
shearing forces. Later infiltrations have filled the cavities thus pro- 
duced with quartz or calcite. The occurrence of such pebbles bears 
evidence of the presence of forces of deformation. The localities 
where they occur, if carefully searched out and correlated in zones, 
would indicate the position of the axis of deformation. No extended 
search with this idea in mind has been made by the writer, but the 
observations at hand tend to show that the deformed pebbles occur 
in more or less well-defined bands, extending in an east-west or east- 
northeast-westsouthwest direction. For example, distorted pebbles 
occur at the outcrops near the railroad in Auburndale, West Newton 
and at tlie ledge on North Beacon Street in Brighton, where the so- 
called slate pebbles occur. Again, they are found in the ledges north 
of the railroad at Newton Center, in the vicinity of Chestnut Hill 
Reservoir and at the great quarry on Tremont Street in Roxbuiy. 
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Farther south they are found in the vicinity of the Arnold Arboretum, 
at Jamaica Plain, and farther east at Squantum. The zones thus 
roughly indicated have already been shown to represent areas of 
folding or dislocation and the occurrence of th^se distorted pebbles 
in such regions shows that their production was closely related to 
these movements. 

One of the most conspicuous features of the conglomerate is the 
remarkable development of joints. The latter usually occur in two 
main systems approximately at right angles to each other and hav- 
ing approximately north-south and east-west directions respectively, 
though the latter sometimes vary as much as twenty or thirty degrees 
on either side of these positions. Their dips are almost invariably 
steep, often vertical. Sometimes they are accompanied by joints of 
intermediate strike and dip. The noteworthy feature of these joints, 
aside from their constant occurrence and direction, is the smoothness 
and regularity of the surfaces produced by them. The rock b sliced 
as though with a knife, so that pebbles and matrix, hard and soft 
materiab alike, are cut through with equal ease and precision. Simi- 
lar joints in the conglomerate at Newport were long ago noted and 
described by C. H. Hitchcock (a, p. 113-114), who attributed their 
smoothness to the plastic condition of the rocks when they were formed. 
It is certain that their presence indicates conditions of great pressure 
or strain so that it is probable that their production was an accom- 
paniment of the deformation process by which the rocks of the basin 
attained their present structure. 

The Norfolk Basin,— r Literature, The Norfolk Basin sedi- 
ments have received much less attention in geological literature 
than those of either the Boston or the Narragansett Basin, largely 
on account of the extensive drift covering and the somewhat un- 
satisfactory nature of the exposures. The earlier papers of Presi- 
dent Hitchcock and W. W. Dodge paid some attention to this 
area; the former, from the red color of the rocks, suggested their 
equivalence to the Old Red Sandstone. Crosby, in his Contribu^ 
tions to the Geology of Eastern Massachusetts, touched upon the 
Norfolk Basin sediments and expressed the opinion th&t they are 
synchronous with the rocks of the Boston Basin, which he then 
believed were Primordial. Later work by Crosby and Barton 
(1880) established the connection of the Norfolk Basin sediments 
with those of the Narragansett Basin and called attention to the exist- 
ence of certain casts of tree trunks of Carboniferous age in the vicinity 
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of the village now known as Pondville. A few years later (1894) 
Woodworth described a fossiliferous section in the railroad cutting 
three-quarters of a mile north of the station at Canton Junction. 
The section at this locality had previously been noted by Dodge in 
the paper already cited (Dodge, a, p. 414). In his report on the 
Narragansett Basin (1899) Woodworth gives some account of the 
Norfolk Basin rocks and speaks more particularly of the section at 
Pondville. The latest and most extensive account of the rocks of 
this basin is found in the paper by Crosby (1900) entitled The Blue 
Hills Complex. To this paper the writer is indebted for much of 
the data used in the present discussion. 

Form of the Basin, The Norfolk Basin extends northeast from 
Sheldonville, Massachusetts, where it joins the Narragansett Basin 
through a narrow pass (Franklin VI, LM 18-20), about twenty miles 
to Great Pond in Braintree, where it apparently ends. The general 
form of the basin, as shown in Figure 8 (p. 230) is a relatively nar- 
row trough decreasing in width toward the northeast. It is approx- 
imately two miles wide where it is crossed by the Providence Division 
of the New York, New Haven, and Hartford Railroad; in the longi- 
tude of Ponkapoag Pond it is a mile and a half in width and eastward 
it narrows rapidly so that in the vicinity of Great Pond it is certainly 
not more than half a mile wide (Crosby, n, p. 467). 

The Northern Boundary. The eastern portion of the basin imme- 
diately south of the Blue Hill Range is the only region where the 
northern boundary of the sediments can be located with any d^ree 
of precision. Elsewhere the drift cover is so complete as to render 
its position uncertain. The marginal rocks in the vicinity of the 
Blue Hilb consist of very coarse accumulations styled by Crosby 
the "giant conglomerate," composed of boulders one or two feet in 
diameter and sometimes even hree or four feet in diameter, usually 
well rounded or water worn (ibid., p. 471). Fine exposures of the 
rock occur in situ on the steep cliff-like slope 600 to 1,000 feet west 
of the junction of Randolph Avenue and High Street (Dedham VII, 
D 18) and at the "Streamside Ledge" half a mile east of the same 
point. At each of these localities the main feature of the rock is the 
abundant dfccurrence of boulders composed of the Blue Hills porphyry; 
other types of pebbles occur but no pebbles of felsite flows or of the 
normal granite (ibid., p. 471-473). Dips are not well shown by the 
conglomerate but occasional sandy or shaly bands indicate a southerly 
direction varying from 70° to 90® (ibid., p. 468). From alteration 
in the porphyry and from pebbles in the adjacent conglomerate 
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Crosby concludes that before the deposition of the latter the quartz 
porphyry was deeply oxidized, wholly at the surface and along the 
joints farther down, and that the superficial oxidized portion was 
worn away to provide material for the conglomerate, down to the 
mottled zone (one of the istages noted in the alteration of the por- 
phyry), which was covered and thus protected from further oxidiza- 
tion (ibid., p. 475). According to this view the giant conglomerate 
forms the basal member of the Norfolk Basin series and rests in sedi- 
mentary contact upon the Blue Hills porphyry, from which it was 
largely derived. 

The Streamside Ledge has not been visited by the writer but he 
has penetrated westward from the reference point named, certainly 
as far as the distance indicated by Crosby, though he cannot be sure 
that he has visited the identical outcrop. The south slope of Bear 
Hill down to the stream is strewn with boulders and masses of rock 
of varying sizes up to twenty feet or more in their greatest dimensions. 
Masses of conglomerate thirty feet in length appear nearly flush with 
the slope of the hiU, but with so many boulders of varying size all 
about, there seemis to be no certainty that even these large masses 
are in place, though some of them appear to be. The coarseness 
of the conglomerate is probably all that Crosby claims for it, though 
the largest boulders noted by the writer did not much exceed two 
feet in diameter, and these were largely subangular. A careful search 
.was made among the pebbles of the rock for material resembling the 
Blue Hilb porphyry, but with the exception of a single small and 
doubtful mass no such rock was found and no outcrop showing the 
contact of the conglomerate with any of the granitic rocks of the region 
was seen. On the other hand the prevailing rock among the pebbles 
is a fine grained granite, with a pinkish color and unlike the ledges 
and specimens of the Blue Hills prophyry studied by the writer. 
Moreover, many of the felsitic rocks of the Boston Basin are repre- 
sented both in the pebbles and in the matrix of the conglomerate at 
this place, and, in addition, dark porphyritic rocks resembling some 
facies of the amygdaloidal melaphyr are represented. In one case a 
composite boulder contained a large boulder of granite and a basic 
scoriaceous pebble with phenocrysts of feldspar near the margin. 

Among the lai^ conglomerate masses near the northwest end of 
Great Pond and in a single low-lying ledge about a quarter of a mile 
southeast of Ponkapoag Pond (Dedham IV, Y 27) some boulders 
resembling the Blue Hills porphjrry were found by the writer in the 
conglomerate, but samples collected and compared with numerous 
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specimens of the rock in question now in the students' coUection of 
the laboratoiy of advanced geology at Harvard University were not 
satisfactorily identified. While, therefore, the writer is not prepared 
to deny the existence of pebbles of the Blue Hills porphyry in the 
conglomerate of the Norfolk Basin, his observations have not con- 
vinced him of its presence. Moreover, the fact that both along the 
south slope of Bear Hill and at the northwest end of Great Pond the 
conglomerate is broken into lai^ masses that cannot certainly be 
said to be in situ seems to indicate that the conglomerate is not in 
simple sedimentary contact with the igneous rocks to- the north, but 
that a zone of displacement exists along the northern border of the 
sediments. The fact that the southern base of the Blue Hills is bor- 
dered largely by low land occupied by swamps, streams, and ponds 
is not trustworthy evidence but it is at least favorable to the idea of a 
zone of dislocation. 

The Sedimentary Series. The most continuous exposure of the 
beds of the sedimentary series is found in the rocky ridge already 
mentioned, east of the Neponset River. The northernmost expo- 
sures display the giant conglomerate with boulders two and a half feet 
long and one and a half feet wide, accompanied by pebbles eight 
or ten inches in diameter, all somewhat rounded. Outcrops aloi^ 
the ridge are frequent for a mile or more south to Pecunit Street and 
show a rapid gradation from the coarse conglomerate through finer 
conglomerates and grits to sandy red slate, showing beautiful cross-bed- . 
ding, mud-cracks, and ripple-marks. According to Crosby the dips 
are steadily southward at angles varying from 70** to 90° (Crosby, 
n, p. 408). The writer's observations, however, show a strike of N 
60^-70° E and a dip vamng from a steep northeriy, ahnost vertical 
inclination at the north end of the ridge to 70° or 80^ S near the shale 
at the south. The attitude of the ripple-marks and mud-cradcs shows 
that the strata are not inverted. East of this ridge the exposures all 
show a tendency to red color but farther to the southwest grayish and 
greenish rocks appear as well. Other scattered groups of outcrops 
occur east of Ponkapoag Pond, north of Canton Junction, at East 
\Yaljxile» and farther southwest toward Wrentham. The most inter- 
esting of these occurrences is to be found in Pierce's Pasture at Pond- 
\nlU\ describetl bv \YixHiworth. Here the Carboniferous beds irsi on 
honiblende granitite and dip steeply north in the form of a dosed and 
puckered syncline, pitching eastward ^^Woodworth, d, p. 136^. The 
basal member of the series here is ari^ose, which apparently resets upon 
the granitite fnun which it was derived and which it dosriy icscbbUcs. 
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The section north of Canton Junction contains fossiliferous shales and 
a band of limestone (Woodworth, b, p. 147). 

Oeneral Structure. According to Crosby there is no repetition of 
the basal conglomerate and the dips are all southerly, so that the 
structure of the eastern portion of the basin is a monocline (n, p. 469). 
He considers that the western part of the Blue Hill Range, together 
with the region occupied by the Norfolk Basin sediments, constitute 
a fault block that has been tilted south, the boundary faults lying 
along the north side of the hills and the south side of the sediments 
respectively (n, p. 50Q-501). The writer's observations have led him 
to propose some modifications of these views. A quarter of a mile 
southeast of Ponkapoag Pond occurs a low ridge-Uke mass of conglom- 
erate about forty feet long, with an east-west trend, and composed of 
rounded and subangular pebbles ranging in diameter from six inches 
to two feet. This is the outcrop above mentioned (page 221) where the 
pebbles appeared to resemble the Blue Hills porphyry. North of 
this exposure and east of the pond there are numerous outcrops of 
red sandy shale with fine conglomerate that intervene between the 
conglomerate immediately south of the Blue Hills at Houghton's 
Pond and the rock in question. If the latter be considered as really 
in place it must indicate a repetition of the strata by faulting or fold- 
ing, or else it belongs in a different horizon from the other coarse con- 
glomerate — an unlikely supposition in view of the gradation of the 
sediments displayed by the rocky ridge at the west. The apparently 
uniform southerly dips would perhaps justify the idea of a monocline, 
broken by strike faults, in the eastern part of the area, but the struc- 
tures indicated at East Walpole and at Pondville show that such is cer- 
tainly not the case in the southwestern part of the basin. The limited 
outcrops at the former locality show intense folding with some faulting 
while at the latter place the same features are more clearly displayed. 
Moreover, the basal sediments exposed at Pondville are arkoses and 
none of the immediately overlying beds can be compared in coarseness 
with the heavy conglomerates of the northern border. In the Narra- 
gansett Basin arkoses occur near the base of the series and heavy 
conglomerates appear high in the section. 

As in the case of the Boston Basin the question of climatic condi- 
tions is raised by the occurrence of arkose at Pondville. The discus- 
sion of its climatic significance is reserved for the succeeding chapter 
but it may be stated here that the conditions favorable for the pro- 
duction of arkose are unlikely to be favorable for the production of 
heavy, water-worn comglomerates. It therefore seems improbable 



224 bulletin: museum of comparauve zoology. 

that the heavy conglomerates of the northern border and the arkoses 
of the southern border were formed at the same time. The basal 
character of the arkoses cannot be doubted, since they rest upon the 
granitite from which they were derived. The basal character of the 
heavy conglomerates at the north, on the other hand, does not seem 
to the writer to be cleariy established, though it must be admitted 
that they lie beneath a great mass of grits and sandstones, which, 
from the attitude of included ripple-marks and mud-cracks, show that 
there has been no inversion of the strata. The writer is therefore 
inclined to place the conglomerate higher in the section than at the 
base. Under this interpretation the structure of the sediments along 
the northern border may be r^arded as monoclinal but faulted down 
along that line. It is highly significant in this connection that the 
first sediments encountered on the north side of the Blue Hill Range 
toward the west are arkoses overlain by slates of somewhat similar 
appearance to those that overlie the arkose at Pondville. Under this 
interpretation it may be conceived that the arkoses and overlying 
sediments of the Narragansett Basin were once continuous over the 
present site of the Blue Hill Ra^ge and that the basins became sepa- 
rated by the down-faulting of the Norfolk sediments along the south 
side of the present range. The steep northerly dip, changing to 
southerly, of the rocks along the northern border of the basin may be 
explained as due to drag, with a slight overturning on the north. 

On the other hand, the coarseness and known distribution of the 
conglomerate seems to indicate a local source for the materials and it 
is natural to turn to the hills immediately at hand as the most probable 
region from which the boulders could have been derived. Crosby, 
in his description of the Streamside Ledge, states positively that 
pebbles of the Blue Hills porphyry occur in the conglomerate of that 
locality and that the contact of the conglomerate with the igneous 
rocks on the north is sedimentary. According to hb view the existing 
basins now occupied by Carboniferous rocks were not outlined at the 
time when deposition began (n, p. 464) but boundary faults developed 
during the progress of deposition (ibid., p. 501). He conceives that 
deep faults occurred along the north side of the Blue Hills Range and 
farther south along the boundary between the sediments and the 
granites; that the block thus formed comprised the mass of the Blue 
Hills and the area now occupied by the sediments, and that this block 
was gradually tilted southward so that a growing depression was 
formed, in which the sediments were deposited (ibid., loc. dt.). The 
giant conglomerate was formed by the action of vigorous surf on the 
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bold shore thus produced along the south side of the hills (ibid., p. 500). 
Under this supposition it would seem that at least equally coarse 
conglomerate should have formed on the north side of the hills, where 
the fault scarp was developing. Crosby accounts for its absence by 
stating that the sediments on the north side were thrown down by the 
fault and that the basal beds are not exposed (ibid., p. 501). This 
idea seems hardly credible, since, in the case of a growing fault of the 
magnitude required by the hypothesis, a talus of coarser materials, 
rearranged, perhaps, by aqueous agendes, might be expected to accu- 
mulate along the fault scarp. The successive slips of the growing 
fault might produce fractures or faults in the debris accumulations 
similar to those noted by Gilbert and others in the Great Basin region 
of the United States, but it i^ difficult to see how such accumulations 
could be carried put of sight by the very faults to which they owed 
their existence. The occurrence of arkose, too, on the north side of 
the hillsj indicates that the basal sediments are not concealed, as 
suggested by Crosby, but that they lie in sedimentary contact upon 
the adjacent granites. 

If the fault be conceived as occurring on the south side of the range 
the presence of the conglomerate in that particular region may be 
more satisfactorily explained. It nqiay very well be supposed that 
the period of relative quiescence in which the arkosic materiak were 
being developed was terminated by movements of uplift or by climatic 
changes of such character as to permit the rapid deposition of these 
materiak . without further disintegration. Thus arkoses and over- 
lying slates and conglomerates may have been laid down in order. 
Then the fault may have developed along the southern edge of the 
Blue Hilk. If the giant conglomerate does not contain bona fide 
pebbles of the Blue Hilb porphyry, it may be considered as part of 
a layer, perhaps eroded away at the north, preserved by down-faulting 
against the porphyry. , But if Crosby's contention be allowed, that 
boulders of the porphyry do occur plentifully in the giant conglom- 
erate, a supposition apparently favored by the doubtful cases noted 
by the writer, the conglomerate may be considered as a talus of coarse 
waste developed along the growing fault scarp and worked over by 
aqueous agencies so that it became more or less water worn. In 
such a case it might be expected that, as the fault progressed, the 
successive slips would cause the growing accumulation to become 
fractured and displaced and perhaps broken into minor blocks. 
Evidence of this character is bountifully suppUed by the great blocks 
of conglomerate that lie immediately south of Bear Hill and at the 
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northwest comer of Great Pond. It might be expected also that 
there would be some evidence of igneous action along the line of a 
deep and growing fault. Evidence of this kind is not entirely wanting, 
for the writer found among the conglomerates on the southern slope of 
Bear Hill igneous impregnations quite similar to those noted at Wal- 
nut Hill and elsewhere in the Boston Basin (see page 157). 

Furthermore, it might be presumed that some representatives of 
the Blue Hills rocks would occur on the north side of the range, if 
the latter were exposed to erosion on the south side. Since the fault 
scarp faced south, however, and the northern slope may be supposed 
to have been more gentle, it would not be expected that so great a 
proportion of these rocks would appear in the conglomerates. Care- 
ful search among the pebbles of the latter on the north side of the 
ridge has thus far failed to produce any types that have been definitely 
assigned to the Blue Hills porph3rry, but it has been shown (page 
168) that specimens, collected by H. J. Wiswell from the Roxbuiy 
Conglomerate in the vicinity of the Bird Street Station, bear a strik- 
ing resemblance to certain facies of the rock in question. Under 
this supposition, then, the Blue Hills region may be conceived as a 
fault block of the Great Basin type, that was uplifted during the 
deposition of the Carboniferous rocks thereabouts and perhaps partly 
or entirely buried by subsequent accumulations of sediment. 

The relations of the southwestern part of the basin to the eastern 
portion are not clear. From the limited exposures it appears that 
intense folding has occurred, followed by transverse faulting. These 
features are especially well shown at Pondville. The difference in 
the appearance of the strata of the eastern section seen in the rocky 
ridge east of the Neponset River and the rocks of the southwestern 
section seen at East Walpole is so striking that it suggests a line of 
separation corresponding in direction to the transverse faults noted 
farther southwest. These faults at Pondville occurred later than 
the folding. It is possible, therefore, that previous to this transverse 
faulting the eastern portion of the basin may not have been an area 
of deposition and that the sediments now found in that region are 
younger than those farther southwest. The evidence, however, is 
insufficient to warrant any definite conclusions to that effect. 

Thickness. In the eastern portion of the area the section afforded 
by the rocky ridge east of the Neponset River shows no apparent 
repetition by folding or faulting and there is almost continuous ex- 
posure of the rocks for more than a mile. According to Crosby's 
figures the aggregate thickness of the series is at least 5,000 feet and 
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possibly nearly 10,000 feet (n, p. 468-469). The lower figure is 
<^rtainly a safe minimum considering the length of exposure and the 
•steepness of the dip (90° to 60°). According to Wood worth's figures 
the thickness of the section exposed at Pondville is 250-300 feet (d, 
p. 136). On the supposition that the giant conglomerate does not 
represent the base of the series the thickness of the Pondville rocks 
may be added to the mi n imum figure given, making 5,250 to 5,300 
feet. It is probable, however, that the actual thickness of the Norfolk 
Basin sediments greatly exceeds this figure, for at the Canton Junction 
ledges a mile and a half southwest of the southern end of the ridge 
above mentioned the rocks still maintain the southerly dip and present 
di£Ferent facies from those farther north. The structure and thick- 
ness of the Norfolk Basin sediments make it probable that they were 
continuous, at least in part, with the sediments of the Boston Basin, 
though no definite correlation is now possible. 

The Southern Boundary, On account of the same features, Crosby 
believes that the southern boundary of the Norfolk Basin, in its north- 
eastern part, is a profound fault, with the downthrow on the north, 
that extends northeast and cuts out the gray beds east of the Canton 
Junction locality (Crosby, n, p. 470). So far as the writer's observa- 
tions have gone they are in harmony with Crosby's view in this respect. 
There is no locality where the boundaiy can be observed and its 
position is largely conjectural, but there appears to be no place where 
the lower beds at the north rise again to the surface except at the 
locality southeast of Ponkapoag Pond where the ledge of coarse 
conglomerate was noted (page 221), and here the relations seem to 
indicate faulting rather than folding. In the southwestern part of 
the basin, however, the only region that shows the actual southern 
border of the sediments is the Pondville area and there the beds rest 
in sedimentary contact upon the granitite without the intervention of 
a fault. 

Relatione to Igneoue Rocke. Crosby has pointed out in earlier and 

later papers that the Norfolk Basin sediments are not associated with 

-contemporaneous lavas and that they are practically free from dikes 

(Crosby and Barton, p. 417; Crosby, n, p. 499), the only dike thus 

far discovered being the one exposed in the section along the railroad 

north of Canton Junction. Woodworth has suggested that the appar- 

-ent absence of these features may be due to the extensive covering 

•of drift and alluvium and that they may in reality be more abundant 

than is generally supposed (b, p. 148). The occurrence of the igneous 

impregnations in the conglomerates on the south side of Bear Hill, 
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observed by the writer and mentioned (page 162) lends support to 
this view. 

Metamorphum. In the northeastern part of the basin the rocks 
display shearing in much the same degree as do those of the Boston 
Basin but there is comparatively little evidence of dynamic meta- 
morphism. The occurrence of ripple-marks and mud-cracks in the 
Pecunit Street ledges, comparatively undisturbed, indicates the slight 
extent to which these rocks were affected. 

In the southwestern part, on the other hand, a high degree of meta- 
morphism has been attained. The ledges between Walpole and 
East Walpole and also farther southwest show a marked development 
of secondary mica and in some cases of chlorite. Pebbles in the con- 
glomerates are marked with pressure striations and are sometimes- 
deformed and indented, while the finer sediments have become highly 
schistose. The contrast in degree of metamorphism between the 
northeastern and southwestern sections may be partly explained by 
their difference in structure; but it is probable too that the south- 
western sediments were under a greater pressure of superincumbent 
strata than was the case with the northeastern sediments, since the 
former are known to be basal while the latter are probably higher 
members of the series. 

Summary. The Norfolk Basin sediments occupy a trough-like 
depression, narrowing toward the northeast. Field evidence shows 
that it is divisible into two areas, which present different types of struc- 
ture, the line of separation being probably a transverse fault, following- 
roughly the present valley of the Neponset River south from Green 
Lodge. The southwest area is characterized by closely folded strata, 
overturned southward, the best exposures being seen at Pondville. 
Transverse faults are numerous in this area, but longitudinal faults- 
are not so clearly indicated. The relations of the arkose to the grani- 
tite show that at Pondville at least the southern boundary of the basin 
is a true sedimentaiy contact. 

The northeastern area is characterized by monoclinal structure- 
with no clear evidence of folding. The northern boundary of the 
basin in this region is believed by Crosby to be sedimentary, the coarse 
so-called basal conglomerates resting directly against their parent 
ledges, and owing their formation to the progressive southward tilting 
induced by the growth of a deep fault on the north side of the Blue 
Hills^ during the period of deposition of the sediments. The present 
writer, however, regards the basal arkose exposed at Pondville as the 
normal base of the sedimentary series of the region and believes that 
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it was probably formerly continuous or contemporaneous with the 
arkose north of the Blue Hills and at Dedham. He believes that the 
absence of the giant conglomerate along the north base of the hills 
is not due to concealment by a fault but either to erosion or to non- 
deposition, the true basal sediments being the arkoses there exposed. 
He considers that the northern boundary of the basin is a fault, with 
do^nmthrow to the south, along the southern flank of the Blue Hills. 
He regards the giant conglomerate as either an uneroded remnant of 
a former more extensive mass now preserved by down-faulting, or as 
a local deposit rearranged by aqueous agencies and accumulated 
along the base of a fault scarp that developed progressively during 
the period of deposition of the sediments, the fractured and broken 
masses of conglomerate and the igneous impregnations bearing witness 
to the successive slips of the growing displacement. As regards the 
southern boundary, the writer agrees with Crosby that a deep fault 
with downthrow on the north appears to be demanded by the apparent 
monoclinal structure. On the supposition that the arkoses form the 
real base of the series, and that the fault which permitted the forma- 
tion of the giant conglomerates began during, the period of deposition, 
the sediments of the eastern portion of the basin are probably more 
recent than part, at least, of the Pondville series. 

The occurrence of igneous impregnations in the conglomerate lends 
support to the view that igneous rocks play a more important part 
in the history of the basin than is generally supposed. 

The rocks of the eastern part of the basin are relatively unaltered, 
while in those of the southwest portion a high degree of metamorphism 
has been attained. 

The Narraoansett Basin. — Literature, The Narragansett Basin 
has been the subject of a considerable literature, of which a bibli- 
ography may be found in Professor Woodworth's report (d, p. 212- 
214). The writer has not attempted any general study of this 
material but has confined his attention to the monograph entitled. 
Geology of the Narragansett Basin, the joint work of Shaler, 
Woodworth, and Foerste, and to a few lesser papers. 

Shape and Size of the Basin, The Narragansett Basin, as shown 
in Figure 8, is a somewhat irregular trough extending north from the 
coast of Rhode Island into Massachusetts, where it bends east towards 
the Atlantic near Duxbury, Scituate, and Cohasset, and comes within 
about six miles of the sea (Shaler, et al., p. 7). The eastward bend is 
made near the northeast comer of the state of Rhode Island and in 
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that vicinity the narrow trough of the Norfolk Basin joins the NaiT»- 
gansett Basin through the pass at Sheldonville, Mass. On the south 
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Fio. 8. — Diagram of the Narragansett and Norfolk Baflins (after Woodworth, 
d, p. 121). 

a. Fault block at Hoppin Hill, 
c. Synclines containing coarse conglomerates 
o. Synclines near the border. 
Arrows indicate direction of dip. 
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the basin is partially separated from the sea by a constriction formed 
of ancient, highly metamorphosed, stratified rocks and a variety of 
intrusions, together with some granitic areas which are probably of 
great age (Shaler et al., p. 7). 

The north-south extension of the Narragansett Basin, including 
the Norfolk Basin, the axis of greatest length, is about fifty miles. 
The east-west diameter, from the western part of Cumberland, R. I.,, 
to Sdtuate, Mass., is about thirty miles. Although its outline has 
many insularities, the basin has in general a rudely curved form, 
concave on the southeastern side (ibid., p. 8). 

Boundaries* The maps of Woodworth and Foerste in the mono- 
graph above mentioned show that the boundaries of the present sedi- 
mentary area are generally true sedimentary contacts and are not 
marked by faults to the degree that seems probable in the case of the 
Boston and Norfolk Basins. Faults of the normal basin range type 
do occur at several places along the borders of the basin but their 
usual direction is north-south, with the downthrow on the east or 
west (Woodworth, d, p. 132), while the dominant direction of the 
probable faults in the Boston and Norfolk Basins is east-west, with 
the downthrow on the north or south. The irregularities of the 
borders of the Narragansett Basin are due largely to these faults. 

Sedimentary Series. The Carboniferous rocks of the Narragansett 
Basin have been divided into four groups by Woodworth in the north- 
em part of the field and by Foerste in the southern area. The north- 
em rocks have somewhat different facies from those of the southern 
area but the sediments of the two regions are believed to represent 
synchronous deposition. The following account is taken from Wood- 
worth's table (d, p. 134). 

In the northern area the lowest member, called the Pondville group, 
consists of quartz conglomerates and arkose and has a thickness of 
about 100 feet. The Wamsutta group, consisting of conglomerates,, 
sandstones, arkose, shale, or slate, and beds of quartzite, accompanied 
by felsites, felsite breccias, and conglomerates, overlies the Pondville 
group, and has a thickness of about 1,000 feet. Some of the members 
carry Calamites. The characteristic color of the series is red, but 
locally brown and green colors occur. Above the Wamsutta group 
come 10,000 feet of alternating beds of fine and medium conglomer- 
ates, pebbly sandstones, sandstones,. and shales, with some coal beds. 
This group, known as the Rhode Island Coal Measures, has produced 
a considerable flora and fauna, the latter consisting largely of insects. 
The prevailing colors are black, blue, green, gray, and Ipcally red. 
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The highest member of the series is the Dighton Conglomerate, 
1,000 to 1,500 feet thick, consisting mainly of coarse quartzite and 
granitic pebble conglomerates, with finer conglomerates and sand- 
stone. 

In the southern area the basal beds present the same general char- 
acteristics as those given for the Pondville group. The Wamsutta 
group, however, is not traceable south of Providence. It is probably 
represented by lower strata of the Kingstown series of Foerste. The 
Kingstown series, consisting mainly of sandstones and conglomerates, 
with coal shales, and the Aquidneck shales of Foerste, composed 
chiefly of shales with coal beds, when traced northward, appear to 
form equivalent sections beneath the Dighton group, one on the 
eastern, the other on the western side of Narragansett Bay. Both 
extend downward to the basal beds. The Purgatory Conglomerate 
forms the upper member of the Carboniferous series in the southern 
part of the basin. It consists mainly of coarse quartzite pebbles, 
usually much elongated and indented (Plate 3, B). It is probably, 
but not certainly, identical in all parts of the field, lying in synclines 
above the coal measures. 

Attleb oro GtAfeac/otY Hi// Stf^^tiseaL 

J^//Tc///7C/'""^X. ^ync/ine ^ — -v. syndine 




Fig. 9. — Outline of the structure of the Narragranaett Basin (after Shaler et al.. 
p. 27). 

General Structure and Thickness, The structure of the Narra- 
gansett Basin has been carefully worked out by Woodworth and 
Foerste in their monograph. In the present paper the intention is 
to give only the main outlines as indicated by them and by the accom- 
panying report of Shaler. The broader structural features are rela- 
tively simple and consist of a system of folds with their axes parallel 
to the borders of the basin. There are three main synclines in which 
the Dighton group appears, the Attleboro syncline on the north, the 
Great Meadow Hill trough through the middle of the basin and the 
Swansea s^Ticline on the south. The central syncline is nearly sym- 
metrical, with relatively low dips, while the synclines parallel with 
it on the north and south have their axial planes inclined away so that 
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the sides of the synclines facing the middle area are nearly vertical 
(Shaler et al., p. 27). These main features are indicated in Figure 
9, taken from Shaler's account. In some parts of the basin there has 
been further folding and some faulting. At Hoppin Hill in North 
Attleboro a small area of profound dislocation has brought the under- 
lying granitite, Cambrian and Lower Carboniferous strata to the 
surface (Woodworth, d, p. 121). The number of great folds in the 
basin is few, but the great mass of sediments is here thrown into folds 
quite equal in dimensions to those of the Appalachian region in Penn- 
sylvania. From axis to axis of the same kind is a distance of upwards 
of six miles. With dips often 45*^ or more, folds of so great breadth 
indicate a great thickness of strata, of which there cannot be less than 
12,000 feet now remaining (ibid., p. 122-123). 

Relations to Igneous Rocks. Iii the Narragansett Basin igneous 
rocks appear in association with the Wamsutta group. Dikes of 
diabase occur near North Attleboro which are commonly vesicular 
for a distance of one to three feet from the upper surface, and some- 
times the lower surface is amygdaloidal, but there is no evidence that 
the diabase flowed out as a contemporaneous sheet (ibid., p. 152). 
In the same region an acid series of igneous rocks of felsitic and 
granophyric texture is intimately associated with the Wamsutta group. 
The felsite occurs frequently at stratigraphically higher horizons 
than the intruded diabase, is marked by a definite flow structure, 
and is often accompanied by a crumpling of the layers (ibid., p. 154). 
"The rapid thickening of the sandstones and conglomerates toward 
the northwest comer of the present area, the felsite with definite flow 
structure, the gray ash beds or Attleboro sandstone, the agglomerates 
of felsitic material, and the associated conglomerates composed in 
large part of felsitic pebbles all point to a volcano or volcanoes exist- 
ing in this field in Carboniferous time" (ibid., p. 155). 

Meiamorphism. According to the accounts of Shaler and Wood- 
worth the rocks of the Narragansett Basin have suffered less from 
metamorphism than was formerly believed by most geologists. It 
is true that in some parts of the area the rocks have become highly 
metamorphosed but the regions thus aflFected are, on the whole, rather 
localized. The most extensive of these regions begins near Pawtucket 
and widens as it extends south toward the sea in Narragansett Bay, 
the most pronounced eflFects being observed along the western bound- 
ary. The transition from this highly metamorphosed zone to the 
comparatively unaltered rocks on the east is so abrupt that one is led 
to believe that an intermediate zone of considerable width has been 
concealed by a fault (Woodworth, d, p. 119). 
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On the eastern side of the basin, south of Tiverton, a high degree 
of metamorphism has been attained. At Fogland Point the con- 
glomerate pebbles have been elongated, flattened, indented, and 
striated under pressure, and there has been an extensive development 
of mica. The shape of the pebbles indicates that they must have 
been more or less plastic when deformed, yet the groups of tension 
cracks, some of them passing entirely through the pebbles, indicate 
that the pressure under which deformation took place was not suffi- 
cient to induce perfect plasticity. Plate 5 shows typical ledges of 
the metamorphosed conglomerate. The Purgatory Conglomerate, 
already mentioned (pages 165 and 168), farther south, shows similar 
characteristics, but there the pebbles are much larger. In both these 
localities the elongation of the pebbles must equal or exceed 50 per 
cent of the original diameter on the given axis, as stated by Shaler 
(p. 17). At Purgatory, near Newport, the writer observed a 
pebble or boulder in the conglomerate that measured nine feet in 
length and three feet in width, but some of these boulders are described 
by Hitchcock as attaining a length of twelve feet (C. H. Hitchcock, 
a, p. 113-114). 

Farther within the basin the rocks have been only slightly affected. 
In a quarry half a mile south of the intersection of Thatcher and 
County Roads at Attleboro, opened in the rocks immediately below 
the Dighton conglomerate near the top of the syncline, ripple-marks, 
rain-imprints, and worm-trails appear on the surface of shaly beds 
that are now standing nearly vertical. Woodworth, speaking of 
these features, remarks that the ''preservation of this record at this 
locality, where the beds are now vertical, indicates that locally, at 
least, metamorphism in the Rhode Island coal field has not gone so far 
as is commonly believed. The condition of the imprints shows that 
in the folding of the strata on this horizon, at least, there was no wide- 
spread shearing of layer over layer, which in other localities is usually 
marked by slickensides or the appearance of 'grain'" (d, p. 178). 

Summary. (1) The Narragansett Basin sediments occupy a some- 
what irregular trough about fifty miles long and thirty miles wide, 
rudely concave toward the southeast. 

(2) The boundaries are not determined in the main by faults but 
are usually sedimentary contacts with the surrounding rocks. 

(3) The sedimentary series consists of arkoses, conglomerates, 
sandstones, and fossiliferous shales, with some coal beds. 

(4) The arkoses form the basal members And the highest beds are 
heavy conglomerates. 
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(5) The structure shows a system of folds of Appalachian type and 
dimensions — a broad syncline in the middle^ with steeper syncUnes 
on either side, overturned toward the border. 

(6) The preserved thickness is at least 12,000 feet. 

(7) Igneous rocks as basic intrusives or acid effusives are asspdated 
with some of the lower membera of the series. 

(8) Metamorphism has been intense in certain areas but in general 
its effects have been slight. 

The Harvard Conglomerate. — General Description. The only 
accounts of the conglomerate in this region found by the writer are 
by L. S. Burbank (1876) and Crosby (1880). The rock has a limited 
area of wedge-like form, broadest at the north, where it is only 400 
or 500 feet in width, and tapering southward, where it dies out after 
two miles. According to Burbank the conglomerate is associated 
with soft atgillite and chloritized slate and all are interstratified with 
the inclosing gneiss and coincide with the dip and strike of the latter. 
The pebbles of the conglomerate consist chiefly of a gray quartzite 
unlike any neighboring rock (Burbank, p. 224-225). 

Structure, The writer's somewhat hasty observations in the field 
show that the conglomerate is interbedded with grit and sheared 
sandstone. The strike is north-northeast and the dip is steep westerly, 
nearly vertical. On the west the conglomerate is bordered by phyllite, 
while a short distance east the gneiss appears. In conversation with 
the writer, Professor Emerson, who has studied the Harvard section, 
expressed the opinion that the gneiss and phyllite there exposed form 
part of the northeast extension of the similar rocks at Worcester, 
which he regards as Carboniferous. The structure at Worcester, 
as made out by Perry and Emerson, is an eroded anticline with a 
symmetrical syncline on the east (Perry and Emerson, p. 49). East 
of this syncline lies the great anticline of older rocli:s that extends 
northeast from Rhode Island into Massachusetts through Douglass, 
Uxbridge, Sutton, and Northbridge (ibid., p. 155-156). 

Possibly the Harvard Conglomerate may represent a portion of the 
eastern limb of the syncline, as made out by Perry and Emerson. The 
tapering wedge-like form of the conglomerate mass is suggestive of 
faulting. Perhaps the conglomerate may be a lens in the phyllite 
formation, but if so the northern end of the lens is not exposed, to the 
writer's knowledge. 

Thickness, Since the dips are very steep the combined thickness 
of the conglomerate, with its interbedded grits and sandstones may 
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be as much as 300-400 feet in the widest portion. Southward the 
conglomerate apparently thins out. 

Metamorphism. The highly fractured and metamorphosed con- 
dition of the conglomerate is described by both Burbank and Crosby, 
the latter deriving most of his information from the former. In the 
field two directions of schistosity were noted, one nearly parallel to 
the strike, with an easterly dip of about 40°, the other with a northeast 
strike and a more gentle southeasterly dip. A description of the prin- 
cipal characteristics of the pebbles has already been given (page 
167). The suggestion is strong that the conglomerate was formed 
in situ by the disruptive action of the shearing and crushing forces 
upon layers of quartzite but the conglomerate cannot be traced along 
the strike into unaltered quartzite. Moreover, the resemblance of 
many of the fragments to water-worn pebbles* is very striking. Some 
of the latter are broken and the pieces separated, while others are 
elongated into distorted lenses (Figure 10, A and B). On the whole 
the general impression left by a study of the rock is that it represents 
an original conglomerate, that has suffered dynamic metamorphism at 
a depth too slight to permit the production of much plasticity. 

Summary. The Harvard Conglomerate forms a small wedge- 
shaped area extending two miles southwest from the vicinity through 
the town of Harvard. It strikes nearly north-south and has a steep 
westerly dip. Its stratigraphic position and age are uncertain but it 
may form part of the northeast extension of the eastern limb of the 
syncKne in the Carboniferous rocks just east of Worcester, as worked 
out by Perry and Emerson. The most striking feature of the con- 
glomerate is its brecciated, stretched, and generally metamorphosed 
appearance. 

General Summary. — Structure. The Boston Basin is probably 
bounded by faults on the north and south and is characterized by 
eastward pitching folds, broken by faults. 

The Norfolk Basin is di\aded into two areas, northeast and south- 
west. The northeast region is probably bounded on the north and 
south by faults and has a relatively simple monoclinal structure. The 
southwest area is characterized by folds and transverse faults. Its 
southern boundary is, in part at least, a true sedimentary contact. 

The Narragansett Basin is bounded mainly by sedimentary contacts 
and is characterized by a system of large and relatively simple folds. 

The strikes of the faults and of the axes of the folds in the Boston 
and Norfolk Basins are prevailingly east-northeast. The faults in the 
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southwest part of the Norfolk Basin and the folds and faults of the 
corresponding portion of the Narragansett Basin are prevailingly 
north-northeast. 

Thickness. The thickness of the sedimentaiy series in the Boston 





Fio. 10. — Deformed pebbles of the Harvard Conglomerate. 



Basin may be as great as 5,300 feet. In the Norfolk Basin it is]|cer- 
tainly equal to that figure and is probably considerably greater, per- 
haps nearly 10,000 feet. In the Narragansett Basin «the structure 
requires a preserved* thickness of 12,000 feet. In all these areas an 
unknown thickness of sediments has been removed by erosion, so 
that the original depth of the Carboniferous deposits in this region 
may have greatly exceeded even the largest of the figures given. The 



238 bulletin: museum of comparative zoology. 

structure and thickness indicate that the series was once continuous 
over the entire area. 

Relations to Igneous Rocks, In the Boston and Norfolk Basins 
extensive eruptions of acid lava preceded the deposition of the Carbon- 
iferous series and are abundantly represented in the conglomerates. 
In the Narragansett Basin similar lavas occur in the Wamsutta group, 
one of the lower members of the series. 

Basic lavas, intrusive or effusive, occupy an important place among 
the Carboniferous rocks of the Boston Basin. In the Norfolk Basin 
the only suggestion of their occurrence is the impregnation of the con- 
glomerate observed on the south slope of Bear Hill, and at t\vo other 
localities. The amygdaloidal and scoriaceous dikes of diabase in 
the Wamsutta group at North Attleboro are the only representatives 
of these rocks known in the Narragansett Basin, and these may be 
of later date. 

I^ter dikes are numerous in the Boston Basin and are represented 
in the Norfolk Basin by the dike in the section north of Canton Junc- 
tion. Dikes occur in the Narragansett Basin but are not so numerous 
nor so important as those of the Boston Basin. 

Metamorphism. In all the regions under consideration metamor- 
phism has occurred to a greater or less extent. In the Boston Basin 
it is confined chiefly to shearing, together with some deformation of 
the pebbles of the conglomerate. The tendency of zonal arrange- 
ment indicates a close relation between phenomena of metamorphism 
and the axes of the folds. In the Norfolk and Narragansett Basins 
areas of intensely metamorphosed rocks occur where folding and 
deformation have been most intense but a large portion of each of 
these regions has been only slightly affected. 

Harvard Conglomerate. The Harvard Conglomerate is intensely 
brecciated and metamorphosed. It may be related to the Carbonif- 
erous rocks and structures worked out by Perry and Emerson in the 
vicinity of Worcester. 

Hypotheses of Origin. 

Statement of Problem. — Thickness and Bulk of Sediments. 
It has been shown that in the Carboniferous basins great accumu- 
lations of sediment have been formed. In th6 Narragansett Basin 
a preserved thickness of at least 12,000 feet is required by the present 
structure; in the Norfolk Basin probably 5,000 to 10,000 feet of beds 
are represented; in the Boston Basin the maximum thickness, includ- 
ing the slates as Carboniferous, may be as much as 5,300 feet. 
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The dimensions of the various basins as given in preceding pages 
are too indefinite to be of absolute value but they serve to give a general 
idea of the areal content of these regions. The average thickness 
of the sediment in the several basins has not been determined but it 
may be fair to assume that it is equal to at least half the maximum 
amount indicated by the figures just given. Assuming the area of 
the Boston Basin'to be 125 square miles (see page 98), and the average 
thickness of the sediments, including the slates, to be 2,650 feet, or 
roughly half a mile, the bulk of the Carboniferous rocks included 
may be estimated at 62.5 cubic miles. Similarly, if the Norfolk Basin 
is assumed to be 20 miles long and to have an average width of 1.5 
miles (see page 220), the area will be 30 square miles, and if the aver- 
age thickness is assumed to be 3,750 feet, or approximately 0.7 miles, 
the bulk of the Norfolk Basin sediments may be estimated at 21 
cubic miles. According to the figures given by Shaler (c/., page 231), 
the Narragansett Basin is approximately 50 miles long and 30 miles 
wide, giving an area of 1,500 square miles. Assuming the average 
thickness to be 6,000 feet, or about 1.1 miles, the bulk of the Narra- 
gansett sediments is 1,650 cubic miles.^ The total bulk of the Carbon- 
iferous rocks now preserved in the three basins, according to these 
figures, is 1,713.5, or roughly 1,700 cubic miles. When it is remem- 
bered that vast periods of erosion have intervened since the deposition 
of these rocks, and that an unknown but probably great proportion 
of the original mass has been thus swept away, it will be seen that 
the former land area which furnished the Carboniferous accimiula- 
tions must have suffered intense erosion, during this deposition, and 
must have undergone important changes of form. 

Local Character. The materials, of which this great sedimentary 
mass is composed, are mainly the same as the rocks now exposed 
around the borders of the basins. Noteworthy exceptions are the 
fossiliferous quartzite and muscovite-granite pebbles found in the 
conglomerates of the Narragansett Basin, to which reference has al- 
ready been made, (page 164). 

The Problem. The problem now to be considered may be stated 
interrogatively as follows: — What were the agencies, by which so great 
a bulk of local materials was removed from its parent rock and accu- 
mulated in the present areas, and under what conditions were the 
deposits made? 

Geographical Conditions. — Restoration of Strata. One of the 

1 This estimate Is slightly too larg€f since the Norfolk Basin has inadvertently been 
included and is therefore counted twice. The final estimate is not materially afTected. 
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first steps in the solution of such a problem should be the attempt 
at restoration of the geographical conditions of the time. The rocks 
of all three basins are now extensively folded and faulted and often 
dip at high angles. Originally they must have been nearly horizontal, 
or at least only slightly inclined, though in consequence of coincident 
subsidence of the floor of deposition, or because of varied conditions 
of sedimentation, the lower beds may have been of steeper inclination 
than the upper. If the present deformed floors of the several basins 
could be straightened out, the overlying strata would form a great 
mass, probably extending across the granitic areas now separating the 
basins and attaining a length of at least 60 miles and a breadth of 
30 miles. The figures for thickness given above show that there 
would be under these conditions a diminution in the elevation of the 
restored mass northward from 12,000 feet to perhaps 5,000 feet or less 
Since it is certain that great erosion has taken place over the entire 
area subsequent to the disturbance of the strata, it is probable thsX 
the limits of the restored mass would greatly exceed those abore 
outlined. 

The apparent northward diminution in thickness may be due 
either to original difference in the depth of the deposits or to erosion, 
for the floor of the northern sediments may not have been carried so 
far beneath the base-level of erosion as in the case of the southern 
sediments and a consequently greater proportion of the northern 
deposits may have been removed. The more marked development 
of overthrust phenomena in the northern basin, however, lends sup- 
port to the idea that the sediments in that region never attained the 
thickness reached by the southern strata; for Willis has shown that 
in the Appalachian region the greatest faulting has occurred where 
the thickness of strata is not so great (Willis, a, p. 269). 

Any restoration of the strata must include the restoration of the 
neighboring land areas from which their materials were derived. 
It has been shown (page 169) that the increasing coarseness of 
the Dighton or Purgatory Conglomerate toward the south, together 
with the increase in the percentage of quartzite pebbles in that direc- 
tion, indicate the probable occurrence of land at the south, no longer 
extant, while the increase in quantity of muscovite-granite pebbles 
toward the north or northwest indicates that the muscovite rocks of 
the crystalline area northwest of the Boston Basin were exposed 
to erosion at the time of the deposition of the upper conglomerate. 
The occurrence of granite pebbles eight or ten inches in diameter 
at Attleboro within the Narragansett Basin, and twenty or thirty miles 
from present occurrences of muscovite granite, indicates that the 



MANSFIELD: ROXBURT CONGLOMERATE. 241 

granite area must then have had relatively a much greater elevation 
than now, in order to give sufficient grade for the transportation of 
such coarse material so great a distance. Similarly, the presence 
of equally large pebbles of quartzite at the Attleboro locality, together 
with the noted increase in the size and abundance of these pebbles 
southward, indicate that the land in that direction must also have had 
a considerable relief while the Dighton Conglomerates were forming. 

While it is thus seen that the land must have had some diversity 
of form at the time when the latter part of the Carboniferous record 
in the Narragansett Basin was being made, some of the lower mem- 
bers of the series indicate that such was not the case throughout the 
deposition period. The basal arkose with the overlying quartz-peb- 
ble conglomerate and finer beds indicate that previous to the deposi- 
tion of the sediments, and probably also during the early part of that 
period, the coimtry was without great differences in relief, else the 
arkosic material would not have formed in sufficient quantity to per- 
mit its later accumulation in the present beds. 

Question of Original Basins. In his earlier studies Crosby stated 
vigorously his view that the ''Basins probably existed as such before 
the deposition of the sediments which they contain" (Crosby, b, p. 
181). Similar views were advocated by Shaler and Foerste.. The 
former regarded them as ''erosion troughs which became the seats 
of excessive deposition," which "brought about the lowering of the 
surface in relation to the original bedding" (Shaler et al., p. 13). 
Shaler, however, differed from Crosby's early view in regarding the 
ancient erosion troughs as far more extensive than the present basins. 
He considered the Narragansett Basin as a broad trough penetrating 
far into the land and possibly including the Worcester trough (ibid., 
p. 9), while Crosby considered the former basins as practically of 
the same area as those of the present (b, p. 181). Foerste abo adopted 
the idea of pre-existing basins, for he wrote of the Precarboniferous 
floor as being "partly above water and furnishing material for arkose 
and conglomerate" (Shaler et al., p. 376). In his later work Crosby 
has made radical changes in his ideas on this subject, for in his paper 
on the Blue Hills Complex he states that it is improbable that the 
basins of the existing Carboniferous rocks were even outlined before 
deposition began (n, p. 464). 

The argument for the pre-existing basins seems to be based chiefly 
on analogy but Shaler calls attention to the structure of the Carbon- 
iferous rocks of the Narragansett Basin — close folds, somewhat 
overturned toward the borders, and open symmetrical folds within — 
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and ai^es that this arrangement b due to the transmission of thrusts 
by lateral girders of compact crystalline rocks to the weaker rocks 
within the basin and that the effects of the thrusts are most marked 
at the borders because the more yielding sediments are not good 
transmitters (Shaler et al., p. 21-22). This argument appears to be 
well taken and seems to apply in the case of the Narragansett Basin 
but in the Boston Basin the evidence is not so clear. The thickness 
of the sediments in the latter region is, indeed, not nearly so great as 
in the Narragansett Basin but even so it would seem that similar 
phenomena should there be noted, even if in a less degree; but so far 
as the writer's investigations have gone, there does not seem to be any 
definite tendency toward more marked metamorphism along the 
borders than within the basin. On the contrary, some of the best 
marked examples of deformation occur well within the basin. 

If the present sites of the various basins were originally separate 
erosion troughs or a single great depression, occupied either by rivers 
or by the sea, before the deposition of Carboniferous rocks began, it 
seems to the writer that there should be evidence of such conditions 
in the form of sedimentary deposits between the crystalline floor and 
the lower members of the Carboniferous series. Such rocks mav 
indeed exist, overlapped by the Carboniferous beds, but so far as the 
contacts of the latter with the underlying terrane have been described 
no evidence of their existence has been found. In fact, there appears 
to be no definite evidence that any sediments were deposited in this 
region from Middle Cambrian to Carboniferous times. It seems 
probable, therefore, that both the sites of the basins and the surroimd- 
ing country were land areas exposed to subaerial conditions prior to 
the deposition of the Carboniferous rocks. The fact that the conglom- 
erates in all the basins contain so large a proportion of granite pebbles, 
together with the fact that finer granitic debris is represented in the 
basal sediments of each basin, lends support to this view; for granite 
is ordinarily a deep-seated rock and its exposure at the surface at the 
beginning of Carboniferous deposition is in itself evidence of long 
<?ontinued existence as a land area before Carboniferous times. 

If the floors of the basins owe their present form to the orogenic 
agencies that folded the sediments it would be expected that they 
would show some effects of the deformation experienced both by 
themselves and by the overlying strata. Evidences of this character 
are not entirely lacking, for at certain places along the east side of the 
Narragansett Basin the marginal granite has been sheared and ren- 
dered locally schitose (Shaler et al., p. 122, 273). In the Boston Basin 
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it has been shown by Crosby that the felsitic floor has shared in the 
plications suffered by the overlying sediments (see page 202). 

Significance of Arkose. According to Daubr^e, arkose is produced 
by the decomposition and disintegration of granite in place. The 
quartz separates out in small fragments which are angular, entirely 
irregular in form and without indication of crystal faces. The aspect 
of the arkoses of Bouigogne, Auvergne, and other regions, partakes 
of these characteristics. * The quartz is angular and is mixed with a 
variable quantity of feldspar, more or less altered, and of mica. The 
rock is visibly the result of a simple rehandling of the granitic sands 
by watqr, without attrition (Daubr^, p. 255). The arkose at East 
Dedham, in the Boston Basin, and at Pondville, in the Norfolk Basin, 
corresponds very well with this description, while that in the Narra- 
gansett Basin is more decomposed and less easily recognized. 

Regarding the significance of arkose, all seem to agree that such an 
accumulation means a period in which granitic rocks were disinte- 
grated more rapidly than the loosened material could be removed, 
followed by a period in which the debris w&s hastily washed away 
and deposited. There is, however, some difference of opinion as to 
the climatic conditions under which the disintegration takes place. 
Shaler states his view in the following words: ** Judging by the condi- 
tions which have affected the fields that now afford or that might pro- 
duce th^ arkose deposits, we may assume that these levels of the Coal 
Measures time had long been the seat of a considerable rainfall and 
had maintained a coating of vegetation, such being the antecedent 
conditions of any decomposition that would prepare the way for 
arkoses" (Shaler et al., p. 52). On the other hand, Oldham, discussing 
the occurrence of undecomposed feldspar in sandstones of the Panchet 
group of India (one of the members of the Gondwana system), states 
that the disintegration of the parent rock, from which the materials 
were derived, went on at a greater rate than the chemical decomposi- 
tion of the constituent minerals. He thinks that this might be due 
either to extreme drjmess, which would retard the rate of decomposi- 
tion, or to extreme severity of climate, which would accelerate the 
rate of disintegration (a, p. 201). 

The important feature of the arkose in this connection is the rela- 
tively fresh state of the contained feldspar. Under the conditions 
of considerable rainfall and vegetative covering, postulated by Shaler, 
it seems probable that the feldspars of the parent rock would undergo 
comparatively speedy chemical disintegration, fpr water bearing vari- 
ous mineral and organic solvents would percolate through all the 
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interstices of the rock. Thus it would appear that the residual prod- 
ucts of the disintegration would be quartz grains and clay, shading 
downward through successively less decomposed material, into the 
unchanged rock. In this case, however, it is probable that the loos- 
ened, undecomposed material below would he relatively coarse and 
not of sufficiently fine texture to form arkose of the type exposed at 
Pondville. Should such materials be subjected to rapid transportation 
and deposition, beds of sandstone, clay, and coarser granitic fragments 
would undoubtedly be formed, but it is not probable that the feldspars 
of gritty texture would have escaped some degree of chemical decom- 
position. 

For the production of true arkose it would seem that climatic con- 
ditions are needed that are not so favorable for the decay of the feld- 
spars as those suggested by Professor Shaler. The suggestion of 
Oldham that extreme severity of climate will account for the occur- 
rence of undecomposed feldspars in feldspathic sandstone appears to 
be borne out by the character of many glacial accumulations; for 
fragments of fresh feldspar are frequently found in boulder-clay and 
in fluvio-glacial deposits. Nevertheless, true arkose is not found in 
glacial deposits. The supposition of extreme dryness, suggested 
by Oldham as an alternative, might indeed account for the comminu- 
tion of granitic rocks without chemical decay and for the production 
of fragments of undecomposed feldspar; but in the deserts of warm 
temperate or tropical latitudes, where arid conditions are displayed 
to best advantage, no deposits resembling arkose have been observed. 
According to Shaler, there are no observations on record of arkose 
now in the process of formation (Shaler et al., p. 53). The prime 
requirement seems to be a set of climatic conditions that favor mechani- 
cal disintegration without permitting much chemical decay. It has 
been shown that none of the above mentioned conditions is entirelv 
favorable. Probably the true conditions are intermediate between 
the extremes noted. A moderately cool and arid climate, such as 
would obtain at moderately high altitudes in the lee of lofty mountain 
ranges, or in continental interiors, would more likely be suitable. 

Significance of Color. In all three basins red colors are found in 
some members of the Carboniferous series and in the sediments of 
the Norfolk and Narragansett Basins they are conspicuous features. 
The red color furnishes an important clue to the geographical condi- 
tions of the time, when the now consolidated strata were still loosened 
waste, unremoved from its parent ledges. As Shaler remarks, the 
red color in sediments may be due to several causes: the waste from 
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Tocks originally red, the alteration of lime carbonate to siderite and 
then to limonite, as in the Devonian and Silurian rocks of the Appa- 
lachians, or to the decay of cr3rstalline rocks containing iron (Shaler 
«t al., p. 62). In the case before us there seems to be evidence of the 
agency of at least the first and last causes. Red strata of earlier date 
occur in proximity to the Carboniferous deposits, especially in the 
Narragansett Basin. But probably the decomposition of iron-bear- 
ing rocks, abundantly shown by the occurrence of arkose in all three 
basins, has been the most effective cause. According to Russell, 
red residual deposits are the product of warm humid regions, while 
the corresponding deposits of arid regions are not red but light colored, 
usually gray or yellow brown (a, p. 46). 

Precarhonijenms Climate. The abundance of the red rocks among 
the Carboniferous sediments in this region, therefore, seems at first 
sight to indicate that prior to the deposition of the strata a warm and 
humid climate, perhaps similar to the tropics of the present day, pre- 
vailed in this region, as postulated by Crosby and Bouv6 (Crosby, 
n, p. 463-464). But it has been shown that the arkose deposits, 
with relatively fresh feldspar, indicate that the moisture could not 
have been excessive. The climatic conditions could not therefore 
have been so humid as those of the present tropical regions, nor so 
dry as the arid tracts of the West. The combination of the arkose 
deposits with the red sediments must mean former climatic condi- 
tions of moderate or scanty rainfall and cool temperature. 

Since the great depth of disintegratibn shown by the character of 
the basal Carboniferous sediments indicates generally low grades 
prior to the deposition of the strata, the cool temperature may be 
ascribed to general climatic conditions and not to altitude; for it is 
hard to reconcile low grades of streams and deep disintegration of 
granitic rocks with high altitudes. The scantiness of the rainfall 
may be ascribed to the presence of mountains or a land mass, separat- 
ing the region from the ocean on the east, more or less subdued but 
sufficiently high or extensive to intercept much of the rainfall. The 
general character of the country in Precarboniferous times may per- 
haps be fairly compared to that of the present Piedmont plateau of 
the eastern United States, if the features of cool climate and country 
to the east were added, as above suggested. 

The supposition of cool climate for this latitude at the time the 
disintegration of the rocks was in progress is not wholly without 
warrant, for it has been shown on page 130 that actual glacial condi- 
tions occurred over an extensive region in the low latitudes of the 
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eastern hemisphere at a time which may have been coincident with 
the deposition of at least a part of the Carboniferous series of eastern 
Massachusetts. The inauguration of these glacial conditions was 
doubtless gradual, and was probably due to causes sufficiently general 
to have affected regions remote from the area known to have been 
glaciated. 

The supposition of mountains to the east and southeast has already 
received some support from the discussion of the sources of material 
in the conglomerates. That mountain building occurred in New 
England in Precarboniferous times is indicated by the existing ranges 
along the western border of Connecticut and the states northward 
and by the metamorphic rocks of eastern New England that have 
trends similar to those ranges. Materials from these ancient moun- 
tains are included in the Carboniferous conglomerates, for Woodworth 
has observed cleaved pebbles of quartzite in the conglomerate near 
North Attleboro, in which the cleavage planes of any given pebble 
lie in positions entirely unrelated to those of neighboring 'pebbles or 
to the present attitude of the inclosing rock (d, p. 181). The broad 
questions raised by the sugges.tion of the disappearance of a former 
mountain range or perhaps a more extensive land mass along what 
is now the coast of Massachusetts are beyond the scope of this paper; 
but it may be remarked in this connection that the abrupt breaks in 
the structure of the lands at the sea coast in many parts of the North 
Atlantic ocean are highly suggestive of down-faulting. The coasts 
of Nova Scotia, Labrador, Iceland, and southwest Ireland may be 
cited as cases in point. 

Summary of OeographiccU Condituma. (1) An attempt to restore 
the present beds to their previous undeformed condition shows that 
they would form a mass at least 60 miles long and 30 miles wide, 
attaining a height above their base of 12,000 feet toward the south 
but thinning down to 5,000 feet or less northward. 

(2) At the time of the deposition of the upper or Dighton Conglom- 
erate in the Narragansett Basin there was probably high land south 
and east of the Narragansett Basin and northwest of the Boston Basin, 
but prior to the deposition of the sediments the land now occupied 
by the several basins was without much diversity of form and of 
relatively low elevation. 

(3) The areas now occupied by sediments were not certainly out- 
lined as basins previous to the deposition of the strata. 

(4) The arkose and red beds indicate that the region was subjected 
to long subaerial decay under conditions of cool climate and moderate 
or scanty rain fall. 
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(5) The region was probably bounded on the east and soutiieast 
by more or less subdued mountains, or by a land area of sufficient 
height and extent to deprive passing winds of much of their moisture. 

Hypotheses of Origin. — General Statement The principal fea- 
tures that may be expected to appear in the various types of con- 
glomerate are shown in the tabular summary on pages 150-151. 
In the following paragraphs the characteristics of the sedimentary 
series in each basin will be given in accordance with the items of 
the table, together with brief comparisons. 

Marine. Perhaps the clearest statement of the marine view of 
origin is given by Crosby. He claims that the stable marine condi- 
tions of Precarboniferous times gave way to an encroachment of the 
sea upon the land, attended, however, by marked and oft-repeated 
oscillations of level, which spread sediments far and wide over the 
entire region (n, p. 461, 464). According to this view the conditions 
of deposition were like those under which the Cretaceous rocks of 
Texas were formed, as described by Hill. A comparison of the features 
of the Carboniferous sediments of eastern Massachusetts with the 
features of marine deposits as indicated in the table shows some 
points of agreement, together with many differences. 

The matrices of the various conglomerates under consideration 
can scarcely be described as composed of clean sands. They ordi- 
narily contain much fekitic material and some feldspar and are com- 
posed of grains not well sorted, but generally of variable size and with 
little appearance of arrangement. The grains are usually angular 
or subangular and but seldom rounded. 

The pebbles, with the exceptions already stated (page 164), are of 
local materials. They are variable in shape and size and are on the 
whole subangular rather than well rounded. No markings other 
than pressure striations and indentations have been observed upon 
them. 

The colors of the Roxbuiy series are usually grayish, with reddish, 
purplish, or greenish tones, but the red colors are only locally intense. 
In the Norfolk and Narragansett Basins, however, extensive areas 
of deeply red colored sediments occur. 

Stratification is not well shown in the coarser conglomerates but is 
fairly well indicated where finer sediments appear. Cross-bedding 
is seen in all three areas but it is not of frequent occurrence. In the 
Boston and Norfolk Basins, so far as known, the coarsest sediments 
are at the base of the series and are overlaid by strata, which, with 
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various alternations, become successively finer. In this respect the 
sedimentary series of these two basins appear to conform to the arrange- 
ment observed in the case of the transgressing sea, as described by 
Hill. In the Narragansett Basin, however, this condition does not 
obtain. There the coarsest conglomerates occur at the top of the 
series. Local unconformities have been observed only in the Narra- 
gansett Basin but evidences of contemporaneous erosion occur in all 
three basins. Lenses occur in the sediments of each basin but their 
relations as regards original dip and strike are not clear. They seem, 
however, to be distributed along the same horizon or in parallel hori- 
zons. Limestones do not occur in the Roxbury series but in both the 
Norfolk and Narragansett Basins isolated outcrops of minor impor- 
tance have been found. In these cases, however, the limestone is not 
fossiliferous but is nodular and concretionary and evidently of second- 
ary origin. 

The strata in all three basins have been found to rest upon surfaces 
long subjected to subaerial decay. 

Lacustrine, The matrices of the Carboniferous conglomerates, as 
described above, agree perhaps more closely with the lacustrine type 
than with the marine; for in the lacustrine type the sands are less 
clean, and less well sorted and rounded than is the case with marine 
sediments. Nevertheless, the lack of uniformity in composition and 
size of the grains is more marked than is suggested by the descrip- 
tive terms used in the table relative to lacustrine deposits. 

In the case of the pebbles, too, a similar comparison may be made. 

There is nothing distinctive about the color of lacustrine deposits. 
Russell states that lacustrine sediments are usually not red but that, 
should lake basins occur in regions of deep disintegration, like the 
southern Appalachians, the sediments deposited in such lakes would 
be red (a, p. 47-48). The Carboniferous sediments of eastern Massa- 
chusetts were formed in a region where there had been deep subaerial 
decay, so that if lacustrine sediments were deposited they would 
naturally have more or less red color. It has been shown that red 
colors are develop>ed in the strata of each basin. 

The stratification of lacustrine deposits may be expected to resemble 
that of marine beds, except that the respective features would periiaps 
be less well develof)ed. The stratification of the sediments under 
discussion is not well defined except in the finer textured members, 
but there the tendency is toward the production of more or less defi- 
nite bands, rather than of lenses. In the Boston and Norfolk Basins 
the succession of the sediments seems to be from coarse, toward 
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the base, to fine above, in accordance with the idea of marine trans- 
gression; but in the Narragansett Basin the coarsest sediments over- 
lie rocks of finer texture, in conformity with the normal cycle of fresh- 
water deposition. The few instances of limestone deposits show no 
sign of organisms, either fresh water or marine. 

Estuarine. Perhaps the most abundant and distinctive component 
of estuarine deposits is fine mud. Argillaceous materials are repre- 
sented to some extent in the matrices of the various conglomerates;^ 
they are not particularly abundant. In certain places, however, 
the matrix of the conglomerate appears to be felsitic, and it may be 
that before consolidation this material was a felsitic mud. Fine 
gravel and sand are certainly represented in the conglomerates of 
the three basins and the grains of the matrices are usually angular, 
subangular, and ill sorted, but they are not ordinarily cross-stratified. 

The pebbles of the various conglomerates might agree well enough 
with the expected characteristics of estuarine conglomerates. They 
are of local materials, with the exceptions noted, of variable size, and 
not well rounded nor sorted. 

So far as color is concerned, the conglomerates in question would 
meet the expectation of estuarine conglomerates, for red colors occur 
in each basin. 

Frequent and irregular bedding of coarse sands and finer materials 
may be said to occur in some measure among the finer sediments 
of the several series, but it cannot be said to be so marked a charac- 
teristic as is implied in the table. Cross-stratification, which should 
occur frequently in estuarine deposits, is only an occasional feature 
of the rocks under consideration. Ripple-marked surfaces, with sun- 
cracks and other markings, which should appear frequently in 
estuarine sediments, are of relatively unconmion occurrence in the 
Carboniferous rocks of the several basins. 

FluvixUUe, With the exception of cross-stratification, the features 
of the matrices of the several conglomerates agree well with the expected 
features of fluviatile conglomerate; for they consist of sands mingled 
with finer and coarser material, in angular to subangular grains, not 
well sorted. 

The {>ebbles, too, conform with the description of fluviatile deposits. 
At any outcrop of conglomerate the pebbles usually present a wide 
variation in size, sometimes, as at Squantum, Hingham, and Purga- 
tory, exceeding one or two feet in diameter. In general the pebbles 
of the conglomerates of the several basins are subangular but they 
present all shapes from angular to rounded. Moreover, fragments 
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of one stratum occur as pebbles in another stratum in a number of 
widely separated localities. None of the pebbles, however, display 
markings other than the pressure striations and indentations men- 
tioned above. 

In color the sediments of the three basins would meet the expecta- 
tion suggested by the table. 

Frequent alternations of coarse and fine beds pccur in all the basins, 
especially in the vicinity of the finer sediments. Current markings 
and oblique lamination do occur, but they are relatively infrequent. 
Well-marked local unconformities have been observed in the Narra- 
gansett Basin near Attleboro, and in the other basins evidences of such 
conditions are furnished by the pebbles of contemporaneous sandstone, 
grit, and conglomerate found in the conglomerates at several localities. 
The limestone found in the Norfolk and Narragansett Basins consist 
of amorphous carbonate of lime and is not of organic origin. 

Crush, The Carboniferous sediments of the three basins present 
little resemblance to crush-con^omerates, according to the charac- 
teristics of the latter outlined in the table. The subangular shapes of 
the pebbles and the occurrence of fracture planes and tension cracks 
in some of the pebbles are the only similarities observed. 

Glacial. Nothing definitely comparable to glacial boulder-clay 
has been observed in the conglomerates of any of the basins. The 
grains of the matrix are both coarse and fine and generally angular 
or subangular. No cases have been observed where the same grain 
appears partly angular and partly rounded. Broken grains of feld- 
spar are often present in the matrix but they usually show some sign 
of alteration. Occasionally, however, they are relatively fresh. The 
matrix cannot be said to be as compact as in the specimen of the 
Dwyka Conglomerate studied by the writer. 

The pebbles are generally of local material but it has been observed 
that in the case of two varieties the source may have been remote. 
Grenerally there is little assortment either of size or kind. At Squan- 
tum and at Huit's Cove in Hingham boulders several feet in diameter 
occur among smaller fragments in heterogeneous arrangement, but 
these are exceptional and very local occurrences. The larger boulders 
at these localities do not appear to have come from a remote source 
but are of rocks similar to those now occurring along the margin of 
the basin. The pebbles of the various conglomerates do not show 
the characteristic traits of glacial pebbles and do not bear any glacial 
markings. 

The colors of some parts of the conglomerate series would corre- 
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spond well enough with those indicated as characteristic of glacial 
deposits; for in many places the rocks are dark gray with greenish 
tints and sometimes with bluish tints. The very noticeable red colors 
of other portions of the series do not, however, agree with the ordinary 
colors of glacial deposits. 

The conglomerates of all the basins have been shown to exhibit 
some degree of bedding, but the latter is often poorly defined. Occa- 
sional pockets and lenses of coarser and finer material, with cross- 
bedding, occur in the less well stratified masses. In this respect 
they seem to resemble both fiuviatile and glacial deposits. There 
is no case where large boulders have been observed in the midst of 
fine and evenly bedded deposits, but there are localities where pebbles 
a foot or more in diameter are scattered through finer conglomerate 
or grit that is poorly bedded. 

The conglomerates have nowhere been observed to lie upon glaci- 
ated surfaces. In all cases where the basal contacts have been ob- 
served, the underlying rock has shown evidence of subaerial decay. 

General Discussion. — General Statement. In the foregoing 
comparison of the Carboniferous conglomerates of this region with 
the characteristics of the various types as outlined in the table it has 
been shown that the former have some resemblance to each of the 
given types, and that there is no case where the correspondence is 
complete. Probably, then, the conglomerates have been formed by 
the combined action of two or more of the given processes. It now 
remains to consider the above comparisons in connection with other 
general data and to discuss the relative merits of the several hypo- 
theses of origin. 

Marine. The writer has seen no clear statement of the argument 
for the marine origin of the conglomerate. Such origin seems to 
have been assumed from the general water-worn -condition of the 
pebbles in the conglomerate and from the present proximity of the 
sea. In an argument against the suggestion of glacial origin, Crosby 
cites the following facts in favor of the marine idea: (b, p. 187) : — 

(1) the lithologic passage from conglomerate to slate. 

(2) the undoubted conformability of the slate and the conglom- 
erate. 

(3) the evident stratification of the conglomerate. 

(4) the absence of striated pebbles. 

(5) the local origin of the materials. 

(6) the evidence of sorting by water. 
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No other aqueous agency than the sea appears to have been con- 
sidered but it will be observed by reference to the table, pages 150- 
151, that the features indicated by Crosby are not confined to ma- 
rine conglomerates. The main arguments in favor of marine origin 
seem to be: — 

(1) the apparent gradation upward from coarse to fine texture In 
the Boston Basin and in the northeast part of the Norfolk Basin; 

(2) the prevalence of banding as the type of bedding, indicating 
a tendency to .regularity rather than to irregularity of stratification ; 

(3) the distribution of lenses, so far as observed, in the same hori- 
zon or in parallel horizons, showing a similar tendency. 

The argument of gradation upwards in texture from coarse to fine 
does not hold for the Narragansett Basin and the southwest part of 
the Norfolk Basin, for in the former case the coarsest conglomerates 
lie at the top of the series and in the latter case arkoses and finer sedi- 
ments lie at the base, while coarse conglomerates of uncertain strati- 
graphic position occur apparently higher in the series. Moreover, 
it is not certain that the upper part of the Carboniferous series is seen 
in the Boston Basin. If the crystallines of the northwest highlands 
are the source of the muscovitic material of the Narragansett Basin, 
the absence of such material from the Boston Basin must mean that 
the muscovitic rocks to the northwest were not exposed to erosion 
at the time the present sediments of the Boston Basin were forming, 
and that the latter rocks are not the equivalents of the upper members 
of the Narragansett Basin series, but are stratigraphically below them. 
In that case the upper members of the Roxbury series have probably 
been removed by erosion and they may have been coarse in texture 
like the up{>er strata of the Narragansett Basin. The arrangement 
observed in the Narragansett Basin is the normal order in fresh-water 
deposits but unlike the usual succession of marine strata. 

If the deposits of the entire region were the result of the encroach- 
ment of the sea upon the land it is difficult to account for the presence 
of such large pebbles of muscovite granite and quartzite, as appear 
in the Dighton Conglomerate at Attleboro, so far from their apparent 
sources. Pebbles eight inches or a foot or more in diameter could 
not have been dragged twenty or thirty miles by marine waves and 
currents. Some other agents, such as rivers or glaciers, must have 
transported the material from its sources and delivered it to the sea, 
if it were the latter that really resorted the debris. But the litho- 
logical study of the rocks of the several basins has shown that the 
component materials are less well rounded and assorted, and less 
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evenly bedded than is usually the case with marine sediments, and 
that contemporaneous erosion has occurred in all three basins. More- 
over, the fossils that have been found in the Norfolk and Narragansett 
Basins are more closely allied to fresh-water than to marine types. 
Thus it appears that in the Narragansett and Norfolk Basins, at 
least, the sea was not the agent that finally deposited the sediments. 
In the Boston Basin the lithological similarity of the Roxbury Conglom- 
erate to the Norfolk and Narragansett Basin Conglomerates, together 
with the resemblance of the obscure fossils discovered by Burr to 
certain plant remains discovered by Crosby and Barton in the Nor- 
folk Basin, favor a like conclusion. On the other hand, the Somer- 
ville and Neponset slates are unlike the slates and shales of the 
Narragansett Basin. The latter are often micaceous, carbonaceous, 
and fossiliferous and more or less intermingled with sand. The 
Somerville and Neponset slates, on the other hand, are more uniform 
in texture, not micaceous and not certainly fossiliferous, though 
obscure traces of fossils have been found that tend to ally the slates 
more with marine than with fresh-water conditions. As stated 
previously, these differences form the main basis of the argument 
for the Cambrian age of these slates. Assuming them to be Car- 
boniferous, however, as their structure seems to indicate, it seems 
hardly possible to consider them marine in view of the probable 
fresh-water origin of the great mass of sediments in the three basins, 
with which they appear to be intimately associated. 

Lacustrine, The idea of the existence of lakes during the deposi- 
tion of the Carboniferous sediments of the Narragansett Basin is sug- 
gested' by both Shaler and Woodworth (Shaler et al., p. 53, 177). 
The comparisons on pages 248 and 249 have shown that the texture, 
character, and bedding of the several members of the series in the three 
basins more closely resemble the characteristics of lacustrine sediments 
than of marine deposits; for, while a certain degree of uniformity and 
regularity in composition and stratification is attained by the Car- 
boniferous deposits, these features are not so well developed as might 
be expected in the case of marine strata. The apparent gradation in 
texture in the sediments of the Boston Basin tends to favor the marine 
idea but it has been shown that upper and perhaps coarser members of 
the series have probably been eroded away. The evidences of fresh- 
water origin cited in the previous paragraphs favor the hypothesis of 
lacustrine origin for at least the more uniformly arranged portions of 
the sediments. On the other hand, the coarseness of the conglom- 
erate and the irregularities of texture and bedding of certain parts 
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of the series, such as the phenomena observed at Squantum, Huit's 
Cove in Hingham, Attleboro, and Purgatory, indicate that lacustrine 
action was not alone responsible for the deposition of the Carbonifer- 
ous series but that powerful agents of transportation were at work 
supplying and. perhaps depositing some of the detritus. 

Estuarine, The idea of estuarine origin was held by Crosby in con- 
nection with his earlier views of the marine origin of the conglomerate 
(b, p. 252). Other writers have described the early condition of the 
region as a "broad erosion trough" or an "arm of the sea" (Shaler et 
al., p. 9; LaForge, p. 90), expressions which might be interpreted as 
implying estuarine origin. In the comparisons on page 249 it was 
shown that while there were a number of p>oints of resemblance be- 
tween the characteristics of the sediments of the several basins and the 
features that may be expected in estuarine strata, yet the agreement 
in texture and in features of bedding was not so close as in the case of 
some of the other types. Moreover, the absence of any definite 
traces of marine life and of brackish water forms, unless some of the 
plant remains can be so considered, is opposed to the idea of estuarine 
conditions. The red colors, ripple-marks, mud-cracks and oi^nic 
impressions that have been observed at various localities are not so 
frequent as might be expected in strata of estuarine origin; and they 
are not distinctive, since such features may be expected to occur in 
fluviatile sediments. 

Fluviatile, The fluviatile origin of some of the sediments of the 
Narragansett Basin has been advocated by Shaler and Woodworth 
(Shaler et al., p. 53, 67, 176). From the comparisons on pages 249 
and 250 it will be seen that the characteristics of the sediments- under 
discussion agree perhaps more closely with the features of fluviatile 
deposits than with those of any other type, although eveti here the 
correspondence is not complete. The bedding is on the whole more 
regular than might be expected in fluviatile strata and the arrange- 
ment of lenses, so far as observed, does not appear to agree with the 
idea of linear bundles. Nevertheless, it has been shown that fluvia- 
tile deposits present a wide range in texture and bedding, from high 
irregularity to almost complete regularity. Thus the prevalence 
of banding and fairly uniform bedding need not preclude the idea of 
fluviatile origin. The evidences of fresh-water deposition already 
mentioned are favorable to this view and the occurrence of the coarsest 
conglomerate at the top of the Narragansett series, previously advanced 
in support of the non-marine character of the sediments, is also favor- 
able; for Oldham has pointed out (see page 112) that in the fluviatile 
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deposits of India coarser sediments tend to encroach upon and to 
overlie the finer materials near the mountains. 

It may be questioned whether fluviatile agencies are able to accu- 
mulate so great a thickness of sediments as that known to occur in the 
Narragansett Basin, and especially so great a bulk of fine silts and 
sands as that indicated by the Somerville and Cambridge slates. 
In reply the case of the Siwalik group of India noted on page 111 may 
be cited. This group, assigned to fluviatile origin, attains a thickness 
in the northwest Punjab estimated at 14,000 feet. As regards the 
second phase of the question it has been shown (page 112) that the 
boring at Lucknow, in the Indo-Gangetic plain, passed through 1,336 
feet of alluvial deposits consisting chiefly of more or less sandy clays. 
A still more remarkable case (see page 118) is found in the Great 
Valley of California, where, according to Ransome, borings in the 
San Joaquin valley at Stockton have penetrated 2,000 and 3,000 feet 
respectively in unconsolidated fluviatile deposits consisting chiefly of 
fine sands and clays. Professor Davis, speaking of the aggraded plains 
of Turkestan, says, ** Certainly no one who sees the river-made area 
of the plains of Turkestan can doubt the capacity of rivers to lay down 
extensive fine-textured deposits** (Davis, p. 55). 

Crush, The general lack of similarity of the rocks of the three 
basins to crush conglomerates, as shown by the comparisons on page 
250, render any further consideration of this mode of origin unneces^ 
sary. 

Glacial, Professor Shaler has been the most earnest supporter of 
the glacial hypothesis (Shaler et al., p. 64-67), though Dodge (page 
103) also recognized the possibility of such origin. From the com- 
parisons on pages 250 and 251 it appears that no deposits definitely 
comparable to boulder-clay have been observed among the deposits 
of the several basins and that no definitely faceted pebbles or pebbles 
bearing striae have been found. Furthermore, the conglomerates 
and accompanpng sediments do not lie upon glaciated surfaces, but 
instead they rest upon a surface long subjected to subaerial decay. 
These facts show that glaciers could not have been the direct agents 
by which the Carboniferous sediments of this region were deposited. 

Indirect glacial action, however, is not precluded. Indeed, there 
are a number of reasons for believing that glaciers were active agents 
in preparing the material for deposition. The tumultuous arrange- 
ment of pebbles, not faceted nor striated, but more or less water worn, 
observed at some localities, might be explicable as merely a result 
of fluviatile action, but it is eminently characteristic of fluvio-glacial 



256 bulletin: museum of comparative zoology. 

material. The great quantity of relatively lai^ pebbles in the con- 
glomerate indicates vigorous erosion and rapid deposition. The steep 
gradients required for the transportation of such materials, sometimes 
for great distances, as in the case of the muscovite granite at Attleboro, 
indicate that the material was derived from sources at sufficient eleva- 
tion to warrant the supposition of the existence of at least Alpine 
glaciers. The occurrence of the Obolus pebbles in the conglomerate 
of the Narragansett Basin lends support to the view that some material 
may have been imported by glaciers from outside sources, but it has 
been shown (page 169) that these pebbles may have been derived 
from a neighboring land mass not now extant. Perhaps the strongest 
argument for the agency of glaciers is found in the relative freshness 
of the granitic pebbles of the conglomerate and in the feldspathic 
character of the matrix. The feldspar fragments certainly often 
show signs of alteration, but when deposited they must have been 
practically fresh. The accumulation of so much coarse and fresh 
material means harsh erosion in certain areas and rapid deposition 
in adjoining regions. Such conditions are eminently characteristic 
of regions now subject to glaciation. The actual evidence of glacia- 
tion in the areas that furnished the debris might easily have been 
effaced by subsequent erosion; but the character of much of the 
remaining deposit is similar to that which might be laid by torrents 
overburdened by coarse glacial waste upon emergence from their 
mountain goi^s. 

Conclusions as to Origin. — The evidence adduced in the pre- 
ceding paragraphs is largely negative and unsatisfactory. The bed- 
ding and texture of the sediments, though attaining a fair degree of 
regularity, do not dbplay these features in so high a degree of develop- 
ment as might be expected in true marine strata. The apparent 
gradation upward from coarse to fine texture in the Boston Basin, 
suggestive of marine transgression, is offset by the occurrence in the 
Narragansett Basin of a gradation in the opposite direction, sug- 
gestive of non-marine deposition. The fossils thus far found in 
the Narragansett and Norfolk Basins are indicative of non-marine 
rather than of marine origin. Similar evidence is borne by the 
irregularities of bedding and of texture. The lithological similarity 
of the Roxbury Conglomerate to the rocks of the Norfolk and 
Narragansett Basins makes it probable that all are of like origin 
and that the entire Carboniferous series of this region is non-marine. 
More than one process, however, was concerned in the formation 
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of the series. The more regular and even bedded portions are sug- 
gestive of quiet fluviatile or lacustrine origin, while the more irregular 
and tumultuous portions of the deposit indicate torrent action. "The 
great quantity of large pebbles of relatively fresh granite and the 
abundance of feldspathic material in the sandstones and in the matrices 
of the conglomerates suggest that much material was furnished to the 
streams of that time by glaciers of which no direct evidence now exists. 

The Harvard Conglomerate. — On the supposition that the 
Harvard Conglomerate is Carboniferous it is likely that its history 
may be linked with that of the Carboniferous sediments farther east. 
In spite of the deformation that it has experienced, the form and 
arrangement of some of the pebbles seem to indicate that it was 
originally poorly assorted and that its pebbles were irregular in 
shape, features that tend to ally it more closely with non-marine 
than with marine sediments. The fact that its main constituent is 
a peculiar form of quartzite, unlike any of the known quartzites 
of the region, makes its origin a matter of considerable doubt. If 
the quartzite is an aeolian formation,' as suggested by Emerson (see 
page 169), it might have been formed during some halt in the process of 
deposition and later have been rapidly eroded and deposited. The 
general fine texture of the great body of sediments westward, with 
which it seems to be most intimately connected, indicaties that the 
region now occupied by them was more remote from the sources of 
supply than was the case with the sediments of eastern Massachusetts. 
Thus if any connection may be supposed to have existed between the 
strata in the vicinity of Harvard and Worcester and those of the Narra- 
gansett and other basins farther east, it may perhaps have been such 
as regions in the Indo-Gangetic plain of today bear to the Bh&bar 
regions along the sides of the mountains. It must be admitted, how- 
ever, that the relations postulated are highly conjectural. 

Conditions of Deposition. — The character of the basal sedi- 
ments of the three basins and of the underlying floor indicate that 
at the beginning of the period of deposition the area now occupied 
by the present strata, together with a considerable district of the 
surrounding country, must have had a more or less subdued topog- 
raphy with relatively low grades. The area does not appear to 
have been a great valley, as suggested by Shaler (see page 241), 
for no sediments immediately antedating the Carboniferous occur 
between the latter and the subjacent crystallines, though it is 
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possible that such may have existed and have been removed by 
the same erosion that stripped the disintegrated material from the 
surrounding country in the early part of the deposition period. It is, 
however, fairly certain that, during the latter part of that period, moun- 
tains existed to the northwest of the Boston Basin, as shown by the 
muscovitic material in the Dighton Conglomerate, and these may have 
been represented in subdued form before the deposition of the Carbon- 
iferous strata began. The combination of arkose and of red strata 
in the lower part of the series indicates that the climate must have been 
cool and the rainfall moderate or scanty. Thus a mountain region 
of moderate elevation or a land area of greater or less extent must 
have intervened between the region now occupied by the Carbonif- 
erous strata and the sea. 

The deposition of the sediments was inaugurated by changes that 
permitted rapid removal and deposition of the decayed material, 
then covering the entire region, and the vigorous attack on the fresh 
subjacent rock. These changes may have been partly climatic but 
probably they were chiefly orogenic; for at the close of the deposition 
period, as recorded in the Narragansett Basin, land areas must have 
existed both to the northwest and the southeast, sufficiently high to 
have furnished the grades necessary for the transportation of such 
coarse material as is found in the Dighton and Purgatory Conglom- 
erates. Doubtless these elevations were of sufficient altitude to sup- 
port active glaciers. There are many indirect evidences that such 
was the case. 

The orogenic movement may have been simply differential uplift, 
whereby certain areas became subject to vigorous erosion, while 
other regions received extensive deposits, or it may have been such 
an uplift accompanied by faulting. The evidence of probable bound- 
ary faults in the Boston and Norfolk Basins and the occurrence of 
contemporaneous igneous activity, so marked in the Boston and Nar- 
ragansett Basins, tend to show that block faulting may have occurred 
during the deposition of the sediments and may perhaps have been 
responsible for the relief that permitted such vigorous erosion. The 
somewhat imcertain evidence furnished by the coarse conglomerate 
along the south base of the Blue Hill Range is favorable to this view. 
At least two systems of block faults can be recognized throughout the 
region, having respectively north-south and east-west trends. The 
north-south faults of Pondville are seen to be younger than the folding 
of the sediments, therefore younger than the period of deposition; 
but no evidence is known to the writer that proves the east-west faults 
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to be younger than the folding. The overthrust fault at Chestnut 
Hill Reservoir belongs to a different t3rpe and probably accompanied 
the folding. The east-west block faults may, however, have accom- 
fwnied the deposition of the strata. 

According to this view the deposition of the sediments, begun during 
a broad differential uplift of the region, may have become more or 
less localized in orogenic basins developed by block faulting during 
later deposition. The main blocks thus formed, so far as this region 
was concerned, were perhaps the northwest highland region and the 
supposed upland to the southeast, now no longer extant. Between 
lay, perhaps, several minor blocks, one of which, upthrown, may now 
be represented by the Blue Hill Range. As deposition progressed, 
doubtless the minor blocks may have been buried by the accumulat- 
ing sediment from the higher lands; but there is no definite evidence 
that at any time the respective basins were without outlets. 

How extensive the region thus affected may have been there is no 
means of knowing. The occurrence of the conglomerate areas at 
Bellingham, Woonsocket, and Harvard and in the basin of the Par- 
ker river suggests that the conglomerate may formerly have widely 
exceeded its present limits. Faults of the block type oqcur fre- 
quently in the crystalline rocks of the region, especially in the north- 
west highlands; but in rocks of such similar character the amount 
of displacement is not easily estimated. The crystalline floor upon 
which the sediments may have been deposited has been carried 
above the plane of erosion and the overlying strata have been worn 

General Summary. — (1) The estimated bulk of sediments now 
remaining in the three basins, assuming the dimensions given and 
an average thickness equal to half the maximum figures, is approxi- 
mately 1,700 cubic miles. 

(2) An attempt to restore the present beds to their previous unde- 
formed condition shows that they would form a mass at least 60 miles 
long and 30 miles wide, attaining a height above their base of 12,000 
feet toward the south but thinning down to 5,000 feet or less northward. 

(3) Prior to the deposition of the strata the present basins were not 
-certainly outlined. 

(4) The arkose and red beds indicate that the region was subjected 
to long subaerial decay in Precarboniferous time under conditions of 
•cool climate and moderate or scanty rainfall. 

(5) The region at that time was probably bounded on the east and 
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southeast by more or less subdued mountains, or by a land area of 
sufficient height and extent to deprive passing winds of much of their 
moisture. 

(6) At the close of the sedimentation period, as registered in the 
Narragansett Basin, high grades and mountainous conditions prevailed 
in the regions surrounding the sites of the present basins. 

(7) Comparison of the characteristics of the Carboniferous series 
with the criteria previously obtained from other conglomerates show 
that several sets of processes combined to form the strata under dis- 
cussion. 

(8) The evidence, largely negative and unsatisfactory, favors non- 
marine origin. 

(9) Glaciers were not directly concerned with the deposition of 
the conglomerates, but they probably furnished material to torrents, 
by which it was deposited either upon the land or in lakes. 

(10) The conditions of deposition are uncertain but there is some 
evidence that sedimentation began during a broad differential uplift 
of the region and was later more or less localized in orogenic basins- 
developed by block faulting during deposition. The basins so formed 
always maintained outlets. 

(11) The extent of the postulated conditions is not certainly known 
but the evidence of the conglomerates at other localities goes to show- 
that it greatly exceeded the present limits of the basins. 
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EXPLANATION OF PLATES. 

Plate 1. Shapes of pebbles in the conglomerate: A, angular; B, subangular; 
C, rounded; D, rounded, with some well rounded. 

Plate 2. Conglomerate ledge, North Beacon St., Brighton, showing lenticu> 
lar (A) and rounded (B) types of the so-called slate pebbles. 

Plate 3. A. Conglomerate at Squantum showing a large granitic boulder 
embedded among smaller pebbles. B. Deformed pebbles in 
the conglomerate at Purgatory near Newport, R. 1. The liam- 
mer handle is 18 inches long. 

Plate 4. East (A) and south (B) sides of a ledge a few himdred yards north- 
east of the sharp bend in Commonwealth Ave., Brighton, shoeing 
(A) melaphyr cutting across the bedding of sandstone in irregular 
vertical contact and (B) an irregular strip of sandstone included 
in the melaphyr. 

Plate 5. Deformed conglomerate at Fogland Point, R. I., showing (A) the 
bedding of the rock and the stretching of the pebbles; (B) 
flattened, sliced, indented and striated pebbles. The hammer 
handle is 18 inches long. 

Plate 6. Geological section southeastward from the asylum grounds at Bel> 
mont 

Plate 7. Topographical and geological map. 
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No. 5. — An Occurrence of Harney Granite in the Northern Black 

HiUs. 



By Henry G. Ferguson and Fremont N. Turoeon, 

The centre of the Black HiUs dome, in South Dakota, is composed 
of granite and schists, the former a pegmatitic type occurring chiefly in 
the Harney Peak region in the southern part of the hills. From this 
core the Palaeozoic sediments dip away on all sides. 

The earlier idea of Black Hills geology was that uplift was due to 
intrusion of the granite, (Newton, Crosby) but it has since been shown 
that the granite, like the schists into which it is intruded, is Algonkiun 
and tluit the uplift t<)(»k )>hux^ at the dose of t)ie I^aranue ((^ar{HMit(;r, 
Irving, a., b., .laggur, Darlon, a., b., c. Van Jliso). In the north- 
ern part of the Hills is a large area wheixj intrusive (Kocene) porphyry, 
conten)i)oraneous with the uj)lift, forms dikes in the nearly vertieal 
schists, and sills and laccoliths in the gently sloping sediments. That 
the later intnisions occur only in the northeni hills may be due to the 
better cementing of the southern Algonkian by the earlier granite and 
its accompanying mincraliiscrs. Such pegmatitic granite has not 
hitherto been described from the Dcadwood district. 

While members of the Harvard Summer School in 1904, the writers 
had the op{K>rtunity of studying, under the direction of Dr. Jaggar, 
a small laccolith in the northern Black Hills, about two miles north- 
east of Dcadwood, S. D. During our study of this district two features 
of especial interest were noted, namely, the occurrence of Algonkian 
schist and granite under the domed up Cambrian and the presence of 
numerous bodies of porphyry to the north and northeast of White- 
wood Peak, as shown in Plate 1. 

The laccolith has been described by Jaggar (p. 217) as follows: — 

"In Whitewood Canyon immediately west of Whitewood Mountain 
is shown a small laccolithic mass of rhyolite which in cross section 
resembles Black Butte in the Judith Mountains, described by Weed 
and Pirsson. The orifice of intrusion appears to have been a fault 
with upthrow on the north, and a second fault of similar character 
appears 1 mile -farther south, up the canyon. These faults die out 
within a short distance of the porphyries east and west, and thus appear 
to be genetically associated with the deformation occasioned by in- 
trusion. The laccolith is quite unsymmetrical, the Silurian and 
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Carboniferous limestones on the southern side showing no marked 
deformation except a sharp backward bend at the porphyry con- 
tact, while on the northern side the whole Paleozoic series from the 
lower beds of the Cambrian to the Upper Carboniferous inclusive 
are upturned at a high angle, overlie the porphyry, and are locallv 
faulted." * * * 

"Topographically, Whitewood Canyon laccolith is inconspicuous. 
The traveller on the Fremont Railroad in Whitewood Canyon below 
Deadwood would not suspect its presence. In going down the canyon 
the most striking features seen are the brown Cambrian and white 
limestoue cliffs that rise vertically 600 to 700 feet above the bed of the 
muddy torrent. At the bridge the line of the railway crosses the south- 
cm fault, marked in the clifVs by an abrupt transition from limestone 
on the south to steep walls of brown Cambrian flags, limestone breccias, 
and shales, which at the fault arc indurated to a gray and black horny 
rock of chalcedonic aspect. Three-quarters of a mile below, a giilcii 
is seen on the east side of the canyon that has been eroded out on the 
fault or conduit side of the laccolith. Curious revetting scarps of 
porphyry that at first sight resemble sedinuMits curve up over the spur 
on the north side of the small gulch, while on the south side porphyrv 
fonns the lower portion of the sloj>e, and above it the contact with 
dragged limestones forms a small bench. The summit of the por- 
phyry hill on the north side is Cambrian Obolus saiulstone, containin<: 
a small sill, that outcrops in a ring about the crt\st. More conspicuous 
than this summit an* the monoclinal ritlgi»s of Paleozoic runostune 
north and northeast, the second being Whitewood Peak [Plate 2, fig. 1 
this IJuUetin]; at one place the broad yellow bench of Ordovician 
spotted limestone shows a bare rock face with small faults displacing: 
the beds. This escarpment is a conspicuous landmark from the sum- 
mits about, and may be seen dipping off the eniptive from the bend of 
Whitewood Cn*ek, where, at a shar}) elbow of stn»am ca])ture, the rail- 
way leaves the canyon by a tunnel through the Minnelusa ridge. 
[Plate 2, fig. 2, this Bulletin.] The Whitewood Canyon laccolitli 
differs from the Judith Mountains type of unsymmetrical laccolith 
mountain, Black Butte, in that erosion, by monoclinal shifting, has not 
progressed far enough to give the porphyry relief above the limestones 
which encompass it." * * * 

"Crook Mountain, adjacent to Whitewood laccolith on the north- 
[east] and separated from it by the synclinal valley of Sandy Creek, 
is the type of a laccolithic dome in which as yet the porphyry core 
has not been revealed by erosion." 
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The Algonkian. — On the north side of the upper part of the gulch 
referred to in the passage just quoted, (this gulch is three quarters of 
a mile below the railroad bridge on \Vhitewood Creek, east side), 
occurs an outcrop of Algonkian schist and granite. This outcrop lies 
two-thirds of a mile S. W. of Whitewood Peak (Plate 1). It is about 
70 feet in thickness and consists of schist with two small granite sills. 
It rests directly on the porphyry and, although the upper contact can* 
not be seen, it is to all appearances overlain unconformably by the 
Cambrian. The lamination of this schist dips about 20^ S 70^ E. 

The schist as seen in the hand specimen is a dark green, brilliantly 
glistening fibrous rock composed of amphibole (actinolite ?) and 
quartz. It has a banded structure, small light colored quartz bands, 
about i inch across, alteniating with the broader dark bauds. None 
of the metamorphic rocks of the Algonkian in the vicinity of Doadwood 
and lioad, as described by Irving (a., b.) and Van Ilise, ai)jH»ar to 
n^scinblc this schist. 

The granite is of gn^ator interest as this ap]H'ars to be the only out- 
crop in the Deadwocxl region and moreover suggests the ]>ivsencv of 
the bjise of the Algonkian, if, as st*ems to Ik* the case, the Harney 
grsuiite is intnuled only into the lower schists of the Algonkian. As 
here exposed, it is a coarse iH^gniatitic rock, its ])rineipal <*onstiluenls 
being largiv feldspars, api)arc^ntly albite, with patches of black tour- 
maline. (ITovey.) Quartz occurs both as segw*gatcd i)atclu\s and 
in graphic structure in the feldspar. There is also a consi<lerable 
quantity of muscovite. The following description, by Newton, 
(Newton & Jenncy, p. C9) of the Ilamey granite is equally applica- 
ble to this rock: — 

"It is granite on a large scale, with all the elements of that rock — 
feldspar, quartz, and mica — present, but instead of their being mixed 
with tolerable uniformity throughout the mass each constituent is 
very highly crystalline and aggregated by itself. Feldspar is the most 
abundant constituent and forms 70 or 75 per cent of the whole. It is 
always highly crystalline and sometimes exhibits large crystal faces 
but no perfect crystal was discovered.'* * * The quartz of the granite 
is commonly glassy and clear, but its variation in texture and color is 
great. It is usually crystalline, but no crystals are found. * * * It 
composes approximately about 20 per cent of the granite, but is 
distributed with great irregularity. In many cases the quartz .pene- 
trates the feldspar mass in irregular seams or fragments, which on 
certain fracture planes produce the figures so suggestive of oriental 
inscriptions, and which have given to the variety its name of graphic 
granite."^ * * 
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"The mica ranges from silvery white to dark brown in color. It is see 

always highly crystallized, and well defined hexagonal crystals two C? 

inches in diameter are very common. * * * The mineral forms only po 

about 5 per cent of the granite, and though sometimes distributed 
generally through the mass, it is more often found in bunches or ' grs 

segregations. It was observed that it rarely accompanies the fcld- mi 

spar alone, but is almost always associated with quartz." ^ mt 

"Besides the three minerals essential to the formation of granite \ foi 

the only ones found in abundance are rose quartz and tourmaline. Tl 

The latter is quite common and sometimes composes 3 or 4 per cent an 

of the granite. It is usually but not exclusively associated with quartz. 

It is black in color, and is generally highly crystallized, though some- Ik' 

times massive." rcj 

The granite dikes of the Nigger Hill region fifteen miles to the west lai 

of Wiiitcwood Peak, while in genenil finer grained and nearer typical ini 

granites, have occasional pcgniatitic facics which resemble the granite >vli 

here described, and are probably the nearest outcrops of a similar of 

rock. (Darton b, p. 4.) the 

The occurrence of the granite and schist in this place may be ex- 
plained in three ways. The Algonkian may be in place under the 
Cambrian, and revealed by the fault, or it may be a small wedfjc 
broken off from the wall of the conduit of the laccolith and carried up 
with the Cambrian above, or it nlay be an inclusion from a great 
depth, brought up by the porj)hyry, which spread out between the 
Algonkian and the Cambrian, and thus the schist fragment became 
wedged or frozen against the bottom of the Cambrian. 

The first of these explanations is hardly tenable, for the fault, 
though of considerable throw in the middle, fades out away from the 
porphyry intrusion, and hence seems to be dependent directly upon 
the laccolith. Also, to all appearance the Algonkian rests upon the 
porphyry and hence cannot be of much greater depth than is exposed 
in the section. 

The supposition that the Algonkian is part of the underlying floor 
on which the Cambrian rested, brought up with the doming of the 
Palaeozoic sediments by the intrusion of the porphyry, has several 
points in its favor. (See Section, Plate 1). It is possible that, given 
a conduit with sloping walls, such as would be necessary for the pn>- 
duction of an unsymmetrical laccolith, a part of the hanging wall of 
the conduit would be broken off and forced, by the pressure of the 
porphyry beneath, to cling to the base of the Cambrian above it. 
Although the actual contact of the Cambrian and Algonkian was not 



^ 



FERGUSON AND TUROEON: HARNEY GRANITE. 279 

seeiii only a few feet intervened between the lower outcrop of the 
Cambrian and the highest part of the Algonkian. Furthermore no 
(lorphyry was found between the two rocks. 

A somewhat similar case where the basal Cambrian rests on the 
granite has been described by Darton in the Bear Lodge range 35 
miles to the westward. (Darton, b., p. 5, c, p. 4.) Here a granite 
mass some three miles long and three-eighths of a mile wide is overlaid 
for tlie greater part of its length by the basal quartzite of the Cambrian. 
This, however, differs from the case just cited in that both the granite 
and tlie Cambrian bed are themselves enveloped in tlie porphyry. 

A possible objection to this hypothesis is that the granite and schist, 
being different from the Algonkian of the vicinity of Deadwood, cannot 
represent a part of the immediate floor on whicli the Cambrian was 
laid down. This objection, however, would be removed if we could 
imagine tlie pi*esence of a pre-Cambrian fault between the gulch 
where the Algonkian occurs and Deadwood, bringing a different i)hasc 
of the Algonkian to the pre-Cambrian surface — and possibly giving 
the line of weakness followed by the intruding Tertiary porphyry. 

The third explanation — tlnit of an inclusion up from great do))ths — 
saves us from this rather inuigi native concvption of an invisible pre- 
Cambrian fault. But hci*e again it is not easy to imagine that such a 
large block could be lifted to the very top of the domed porphyry 
reservoir and tluu*e pressed against the lower mcnil)er of the Cambrian, 
without on intervening layer of previously solidified porphyry. It is 
true that no actual contact of Algonkian and Cambrian could be seen, 
some few feet of talus intervening between the nearest outcrops, but if 
there were porphyry between, it should stand out in a ledge, being 
one of the most resistant rocks of the region. . ' 

The absence of granite pebbles in the basal conglomerate of the 
Cambrian in the Whitewood canyon laccolith, tends to support this 
explanation. But as the conglomerate was only found in two places, 
this is not very significant. 

To sum up, from the available evidence, the origin of the granite 
and schist in this region: — 
1 The granite rests upon the Tertiary porphyry and hence its appear- 

ance here is due to the porphyry intrusion. 

It may be either a part of the floor on which the Cambrian was laid 
down, broken off from the wall of the conduit and carried up with the 
porphyry, or it may be an inclusion in the porphyry magma, brought 
up from great depths. 

Ths Porphyry SilU, — Porphyry sills were found throughout the 
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Minnelusa (upper. Carboniferous) formation, to the north and east of 
Whitewood Peak (Plate 2, fig. 1). This porphyry differed from that 
of the main laccolith in that here the phenocrysts were quartz-crystals 
in perfect di-hexagonal pyramids, instead of slightly rounded feldspars, 
as in the main mass of the porphyry. On the west aide of Whitewood 
Creek, opposite the mouth of Sandy Creek and in the bed of the stream 
as well, is a large mass or stock of porphyry breaking through the 
Minnelusa. (Plate 3.) 

The sills found in the Minnelusa to the north of Whitewood Creek, 
on the crest of the dome of the laccolith, were all very thin, never more 
than a few inches thick, and of no great extent. They were best seen 
in the small railroad cut near the entrance to the tunnel, north of the 
sharp elbow made by the Creek. The sills of the region around Sandy 
Creek were, as can be seen from the map, of great extent, and one at 
lea.st was al)OUt a hundred feet in thickness. 

The Minnelusa formation is composed of sandy limestone and sand- 
stone in rather thin beds and overlies several liundrcd feet of massive 
Mississippian and Ordovician limestones. These latter are resistant, 
and, wliilc bending to accommodate the new conditions of a laccolith 
beneath the Cambrian, are too compact to allow any porphyry sills to 
spread out in them. The Minnelusa, on the other hand, being thin 
bedded and composed of beds of differing texture, is particularly well 
. adapted to allow the formation of sills. 

The size of these sills in different parts of the area is evidently 
dependent upon the laccolithic dome. In the syncline between the 
two laccoliths of Whitewood Canyon and Crook Mountain to the 
northeast the bending of beds on different radii gives large open 
spaces which offer a locus for the intruding porphyry. Moreover, 
the cracks forming as the result of the synclinal bending would gajx; 
downwards, thus allowing more porphyry to enter and enlarge the 
open spaces already present in the syncline. This condition is some- 
what analogous to ore deposits of the type of Broken Hills (N. S. W.) 
where the open spaces in a syncline have been filled with mineralizing 
agents instead of porphyry. On the crest of the anticlinal dome, how- 
ever, a different set of conditions would be present. The beds, being 
of different textures and thicknesses, would bend to curves of different 
radii, as in the syncline, but the weight of the strata above the arch 
would tend to flatten out the open spaces, leaving less room for the 
formation of sills. Also the cracks formed, although they might be 
more numerous than in the syncline, would gape upwards and thus 
not allow porphyry to enter. 
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For this reason all the large sills of the area were found in the vicinity 
of Sandy Creek, while only small thin sills occur on the top of the dome. 

Of interest in this connection are the experiments made by Howe, 
(Jaggar, p. 291-303) where laccoliths were formed of molten wax 
injected into a sedimentary series built up of thin layers of plaster, 
coal dust, marble dust, and sand. Here it was found that where the 
injection was rapid there was a marked tendency to form sills. (See 
especially experiments 3, p. 297, and 5, p. 300, and Plate 18, figures 
3 and 5.) 

Summary, — The outcrop of Algonkian above the porphyry on the 
side of the gulch is of interest on account of the presence of a schist 
different from those found in the vicinity and of granite identical with 
that found in the Harney Peak region many miles south. To account 
for this, two explanations — neither entirely satisfactory — have been 
suggested. It may be a part of the floor of the laccolith, carried up by 
the porphyry with the Cambrian in place above it; but if so it is diffi- 
cult to account satisfactorily for the dilYcrence between this schist 
an<l that of Dea(hvoo<l, only a few miles away. On the other hand 
it may be an inclusion from great depths, rcpri^scniting a part of the 
Algonkian lower than is exposed at Dcadwood, brought up by the 
por|)hyry and ** fro/xui " against the Cambrian. If this is the cjvsc it 
scHMus strange that there should l^e no porphyry between the Algonkian 
an<l the overlying Cambrian. 

The ])rL\senc(? of porphyry in sills in the Minnelusa formation is 
noteworthy as showing that, in this laccolith, the intruding magma 
reached a higher hori/x>n than had been supposed. The fact of the 
sills being of greater thickness and extent in the syncline than in the 
anticline is explainable by the supposition that the laccolithic dome 
had already been fonned before the intrusion of this porphyry and 
hence the syncline already formed was a favorable situation for later 
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Platk 1. Cicologir.'il iiiap siiui miction of an anra throe iniioH mpiait;, north- 
viitit of Dnwiwooti, Soutli Dakota. 

Platk 2. Fit;. 1. Wliit<^woo<l I'ouk from across VVhit(;woo<l (^anyon, nhow- 
in^ CAcarpnuMtU of MhuiohiHa (cnil), I*ahn><apa (c[)a), and 
Wluteworxl (Ow) liimtstoncH, and (yainhrian quartzitc ((d), 
Fi^. 2. 8in:vll fault northwest of WhtU;woo(l l'(;ak, nhowinir 
PaliuMipa litncHtono ovorlylns; tho iOn^lcwood Hniohtonc and 
Bholc and the masNive Wliitewoo<l liin<^Mtone below. 

Plate 3. Porphyry stock, one mile northeast of Whitewood Peak. 
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Introduction. The fundamental conceptions of river develop- 
ment in current physical geography are as follows: — (1) young rivers 
cut down their channels where the slope is steep enough to give them 
an active current, but where the slope is faint, the streams lay down 
their load of detritus and build up the surface. (2) A branch stream 
of a larger river has the advantage of the greater depth to which the 
main valley is worn. In competition with like branches of smaller 
nearby rivers its divide will shift faster. This doctrine is commonly 
applied to **belted coastal plains." (Davis.) 

Catchment Basins and Water-bearing Strata. It is of course 
recognized that velocity of current increases with increase of volume, 
and where two streams have like slope, the more voluminous will 
have greater corrasive power. There are two ver}' important ele- 

NoU: — This research was carried on in the Laboratory of Experimental Geology, 
Harvard University, while the author was there a teacher of Geolog>'. and was aided 
by Grant 101 Elizabeth Thompson Science Fund. The author wishes to express to the 
Trustees his grateful appreciation of this ^raiit. 
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ments in the problem, however, which have been given less attention 
by geomorphologists: — initial catchment basins, and initial attitude 
of aquiferous strata. The whole surface of an uplifted sea-bottom, 
for example, does not immediately become covered with streams. 
Rivers are extended from the old land and a limited number of new 
tributaries and longshore streams develop, apportioned in number to 
the rainfall and to the underground water supply. Their loci and 
spacing are dependent first upon extremely faint irregularities diWd- 
ing the surface into a few flat catchment areas. After some gorges 
are cut, strata relatively impermeable or water-bearing are opened, 
and underground reservoir areas take control. When this happens 
if there be the faintest possible longitudinal tilt to the beds, local or 
general, there will be unsymmetry in the development of subse- 
quent branches. A flat syndine of deposition with axis normal to 
the shore line would give mastery to any stream, small or great, 
cutting into aquiferous strata along its axial line. A much greater 
stream from the old land might cut a deep gorge along the adjacent 
faint anticlinal axis. It would have no power to send young branch 
ravines "gnawing headward" right and left. The underground pores 
would tend rather to drain it than to feed it, if the river cut into a 
permeable stratum. Hence extremely slight initial surface slopes 
and the underground slopes of impermeable water-bottom strata 
must be taken into account in any argument which deals with river 
piracy, divide migration, and "consequent," "subsequent," or "obse- 
quent" streams. 

Imitative Character of Rills. The subject of drainage modi- 
fications is not without experimental possibilities. The delicate rill 
patterns seen on beaches are but one step removed from "bad-land" 
valleys; the latter again are analogous to all land drainage, when due 
allowance is made for the effects of geological structure. Such allov^ 
ance is too often neglected on the one hand, or imagined structural 
influence is too much accentuated on the other, as in those cases 
where river pattern is attributed indiscriminately to the influence of 
joints and faults, and residuals are believed, because of their saliency, 
to possess specially resistant rocks. 

Purpose of Experiments. The present study deals with a series 
of experiments designed to perfect apparatus ifor reproducing rill 
patterns in the laboratory. In the later of these experiments some 
success was attained, and meanders, piracy, digitation, corrasion, 
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aggradation, and delta building have been reproduced in miniature. 
Some account is here given of the history of these experiments, which 
have been carried on froln time to time in the Harvard laboratory for 
eight years. In addition, the author's last models are described in 
detail, as they illustrate the argument outlined above. 

Previous Studies op Rill Drainage. The principal studies of 
rill pattern which have been made by geologists (Chamberlin and 
Salisbury, Nathorst, W. C. Williamson, Meunier) have been directed 
to their imitative character when preserved as fossil markings. In 
such a relation they frequently resemble organic forms. Daubr6e 
(1879) believed many river systems to be controlled in development 
by faults and joints, and he has been followed in the United States 
by Hobbs (1901, 1905) and Iddings (1904) who seem to have a 
similar belief. Dodge (1894), from the physiographic standpoint, has 
pointed out the similarity of beach rills to continental drainage. 

The Laboratory of Experimental Geology (Harvard Uni- 
versity) : Preliminary Experiments. The mechanical difficulties 
of realizing even beach conditions in a laboratory are great. Ground 
breaking studies of importance were made in 1899 in the Harvard 
laboratory by Dr. Ernest Howe, now geologist to the Panama Canal 
Commission. In connection with experimental laccoliths Howe (1901) 
eroded domed surfaces of sand and marble dust with a coarse spray, 
and obtained radial drainage and infacing hog-backs. 

Seepage Rills. In 1900-1901 the method was changed and in- 
stead of etching the surface of a model with a spray, various devices 
were used to produce seepage through a bank of sand. It was hoped 
that the phenomena observed on beaches might be duplicated. 

In Plate 1, fig. 1, there is shown a meandering stream produced by 
seepage through a sand bank. A beach of sand was built on a suit- 
able metal pan and a trench was dug along the upper margin. The 
trench was kept full of water which soaked the model. The oozing 
water gathered in two principal rills, which meandered from the time 
of their inception, and never showed any tendency to develop tribu- 
taries. The streams corraded ])rofoundly even while meandering, 
and the complex terrace and distributarj* phenomena are part of a 
process of planation (Gilbert) uninfluenced by change of tilt. 

In Plate 1, fig. 2, are shown the beginnings of digitation, coordinate 
with a meandering tendency. This stream, as in Plate 1, fig. 1, was 
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produced by seepage through an inclined sand beach. The model 
differed from that of Plate 1, fig. 1, however, in that it was built of 
alternate sedimentary layers of marble dust, xilay and sand, whereas 
No. 1 a was homogeneous sand. The oozing waters of the main stream 
bed undermined water-bearing strata on the walls of its gorge. The 
waters so released into the valley undermined superjacent beds, start- 
ing lateral channels. The loci of these channels are interdependent, 
because each tributary has a potency of position dependent on an 
initial underground drainage area. The moment a stream flows freely 
it discharges the waters of a certain upslope district and that district 
thereafter slowly enlarges until it is delimited by boundaries which are 
underground divides from other drainage. Such divides are not topo- 
graphic elevations in any sense ; they are the boundaries of what might 
be called the " sphere of influence " of any stream. No lower tributary 
in the same up-and-down zone of flow can use from the same aquifer- 
ous stratum any of the underground waters of an area above a higher 
tributary; hence a lower tributary, to gain a drainage area of its own, 
must eat laterally until it is beyond the zone of higher tributaries, 
or make, use of aquiferous strata stratigraphically below their level. 
Moreover a higher tributary is always apt to take off the undei^ground 
waters of a lower, and therefore rob it in fact, though none of the 
ordinary superficial evidences of piracy may appear. Initial rhythm 
occurs where uniform undermining affects uniformly a cliff of uniform 
height for some distance; instance the rhythmic spacing of the four 
lower tributaries on the right ^ bank of the main stream in Plate 1, 
fig. 2. A similar notching, having a tendency to rhythm, may be 
seen on both cliffs which bound the widening flood plain farther 
down stream. The four dextral tributaries mentioned are graduated 
in length, the highest being the longest. The reason for this is that 
the highest controls the headward drainage area underground, the 
next lower stream is thereby impoverished of supply, and so on to the 
smallest. As a stream gains width it increases the number of orifices 
of exit of water, its volume and its underground drainage area. This 
process has reached its maximum in the wide flood-plain area of the 
main stream, which by both scour and lateral planation has opened 
a broad water channel beneath the flood plain. That channel satis- 
fies the discharge of a large drainage area on either side, hence there 
are no lower tributaries in the cliffs bordering the plain. Wells dug 
in the flood plain would find abundant water an3rwhere representing a 

» "Right" and "left" in this paper always refer to an observer facing downstream. 
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flowing sheet from under the lateral cliffs. The river bed itself is a 
locus of seepage wherever the stream corrades. 

« 

Underground Drainage Areas and Stream Shadow. The 
foregoing analysis brings out two principles which may be defined 
before going farther. Each tributary in this model of inclined strata, 
has an underground drainage area. So has every natural orifice of 
exit of seeping waters in nature. Every spring controls such drain- 
age area. Every brook is apt to be a line of loci of springs, and col- 
lectively they control a certain underground drainage area. Every 
forking system of tributaries, on larger scales, controls a similar under- 
ground area. The supply of every river system is dependent on this 
underground area (King, F. H., 1899), on the one hand, and a surface 
catchment basin, on the other. If, as in this model (Plate 1, fig. 2)^ 
strata variously aquiferous slope with the drainage, then each im- 
pervious stratum is an underground surface on which are separated 
the underground drainage areas of different orifices. Hence there 
may exist underground divides dependent on initial attitude of strata, 
and quite independent of initial surface topography. Apparently the 
presence of drainage surfaces as distinct from pores favors digitation. 
This is shown by the contrast between figs. 1 and 2, Plate 1. This 
is borne out by the fact that the spray models hereinafter described 
also develop arborescent drainage, the drainage surface' in such case 
being the superficial topography. In contrast to these, in a model 
supplied wholly by seepage (Plate 1, fig. 1), there is no initial drain- 
age surface. 

The control by a tributary of a certain drainage or accumulation 
area of its own prevents that area from supplying water to any orifice 
farther down the general slope. AVhether this be a superficial or an 
underground area, the effect is the same. Accordingly any such lower 
orifice may be said to be in the shadmo of the higher stream and its 
drainage area. In Plate 1 , fig. 2, the lowest of the four rhythmic tribu- 
taries on the right bank is thus shadowed by the next higher, and so 
on. Headward development by undermining will go on by a multiple 
ramification of those streams which can free themselves from shadow. 
The development of tributaries is more difficult mouthward than head- 
ward, because the mouthward region of a straight river is always in the 
shadow of the headward tributaries. If a river can for anv reason 
bend laterally, new tributaries may develop wherever a curve under- 
mines a portion of the general slope not in shadow. This principle is 
illustrated in Plate 1, fig. 2. If a lower tributary can eat laterally far 
enough to go beyond the shadow of higher branches, it may acquire a 



290 BULLETIN: MUSEUM OF COMPARATIVE ZOOLOGY. 

drainage area of its own. The outer bank of a river's main cunes 
is the one which will naturally develop tributaries. 

Flood Rills. In the model illustrated by Plate 2 an accidental 
development of arborescent rills on the surface was produced by 
flooding. The model consisted of stratified marble dust, coal dust 
and sand, the strata overlapping. Two faint constructional terraces 
had been left in the topography. It was planned to erode with 
seepage, but the trough at the upper edge of the model accidentally 
overflowed. Almost instantly, as the rush of water flowed off the 
surface, the drainage pattern developed as shown in the plate. The 
three steeper slopes show arborescent drainage, while flood plains 
occupy the terraces. An interesting feature of this model is the 
development of arborescence not from baselevel headward, but all 
over the surface flooded, with its maximum on the steeper slopes 
and in the medial region. 

" Grand Canyon " Model. A considerable advance beyond earlier 
experiments was made in 1901 by R. W. Stone, now of the U. S. Geo- 
logical Survey, and the author. A tank five feet (1.52 m) square and 
ten inches (.254 m) deep was used. The water was maintained at a 
constant level by a flood-gate. A rectangular island was built by 
sedimentation, 25 X 36 inches (.63 X .91 m) in area and 3 inches 
(.076 m) thick. Separate layers were sifted into a frame, the whole 
being kept moist. The model consisted of 61 very thin layers of 
marble dust, coal dust, clay and red lead, with three massive layers 
of sand each J inch (.013 m) thick, (Plate 3). A flne spray was 
produced by means of two special nozzles. These were constructed 
so that a fine direct jet was broken up by impact against the ragged 
surface of a finely punctured tin plate, fastened at 45° inclination to 
the line of the j«t. A mist-like spray was thus thrown at an oblique 
angle, while the excess of water was allowed to run off. These two 
nozzles were arranged on opposite sides of the model so as to pro- 
duce a uniform rainfall over its surface The model was tilted, 
sprayed daily for some weeks, and photographed frequently. Arbo- 
rescent drainage developed, deep canyons with esplanades and water- 
falls were cut, and a flood plain was formed along the lower reaches 
of the confluent main streams which terminated in a lobate delta 
built out into the lagoon. A cross-section of this model, after 718J 
hours of erosion, is shown in Plate 3. On the right is shown the 
delta in section. In the middle of the section may be seen profiles 
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of two cascades and a perspective view of the canyons. On the left 
is shown the upper margin of the model and the back slope. The 
three light bands in the cross-section consist of about twenty thin 
layers each of marble dust, coal, etc.; the darker bands are sand. 
During the final days of spraying the model was tilted 10 degrees. 

The important part played by volume of water, as contrasted with 
slope, in producing erosion, is well illustrated in this model. The 
back-slope, shown oathe left in Plate 3, had a grade of some 45 degrees, 
while the surface of the model sloped only 10 degrees. All the stream 
development was on the main surface, however, because nearly all the 
water which fell on the model flowed down that surface. Moreover, 
the underground structure sloped the same way, producing seepage 
in that direction, and away from the backslope. The high divide at 
the back margin of the model remained practically uneroded, and 
whiit water trickled down the backslope never acquired volume or 
load enough to do any considerable trenching. The backslope would 
be the equivalent of "obsequent" or infacing slopes in a coastal 
plain escarpment. Such slopes are commonly supposed, by reason 
of their steepness, to cause or give evidence of a rapid retreat of the 
escarpment. No sign of such retreat was obser\'ed in this model, 
and all of the hydrostatic conditions indicate that such a slope would 
absorb moisture and carry the water down the dip of the strata. It 
would yield no springs for the development of "obsequent" streams. 
It is of interest to note in the structure of the sloping frontal delta 
beds the following sequence : — 

Thick lower white marble dust layer. 

Sand layer. 

Second marble dust layer. 

Upper sandy layers. 
These correspond to the materials of the model in the order in which 
they were reached by the eroding streams, viz: — 

Thick upper marble dust layers. 

Sand layer. 

Second marble dust layers. 

Sand layer. 
The lowest group of light colored layers in the original model forms 
the bottom of the deepest canyon sectioned. Its effect is shown in 
the lighter color of the highest delta beds seen farthest to the right. 
On a steep submarine continental slope receiving the detritus of many 
rivers, some such corresponding inverse sequence of beds eroded and 
beds deposited might be looked for. 



292 bulletin: muselm of comparative zoology. 

Trickle Pattern ix Clay. The experiment last described was 
coarse. The model was bulky and very labonouslv made. The 
coarse sand layers were made of material the equivalent of gravel in 
proportion to the size of the streams developed. Hence it seemed 
desirable, if in any way possible^ to work with finer material, so as 
to reduce the scale of the phenomena studied and likewise diminish 
the labor by making less bulky models. Plate 4 shows a pattern 
developed in liquid modelling clay. The phenomenon is closely 
analogous to the trickle of raindrops on a windowpane. A glass 
plate 15 X 20 inches (.38 X .50 m) rectangular, was flooded with 
smooth liquid clay of the consistency of syrup. The clay was 
"flowed" over the surface, held horizontally until it was evenly cov- 
ered. The plate was then allowed to rest on one of its longer edges 
and raised until the surface dipped 45 degrees. It was supported in 
this position and left to drain. The greater part of the clay ran off 
and formed a pool at the lower edge of the plate. A portion, however, 
clung to the glass, settled, and its water tended to separate and run 
down the slope in drops, making clear spaces along the streams and 
leaving the divides opaque. Plate 4 is a portion of the upper margin 
of the plate, printed after it was dry by direct contact with solar pMiper. 
(The right and left are therefore reversed). For a width of five inches 
(.127 m) the upper margin showed an arborescent tracery on so fine 
a scale that from 20 to 25 streams are crossed in a distance of 7 
inches (.178 m) (Plate 4). Ix)wer down the slope distributary phe- 
nomena interfere with the arborescence, and the pattern is a complex 
of streaks with V-shaped accumulations of clay pointing up the slope. 

A number of experiments were made with this process. In one 
series of plates^ made under similar conditions, the duration of drain- 
ing was systematically varied, so as to show all stages from the first 
initiation of arborescence to its completion. After the first sheet- 
flood run-off, the arborescence always develops near the upper margin 
of the plate in a definite zone about two iqches from the margin. It 
seems to develop all at once and to grow very little thereafter. This 
is to be expected, as there is no source of added water, and nothing to 
erode when the glass is reached. There is interference of adjacent 
streams in many places, but the control of initial drainage basins and 
of *' shadow*' are clearly shown. The trickle pattern is complicated 
with capillarity and much of it is mere drop-trickling. It shows, how- 
ever, that the tendency to digitation may be studied on a very small 
scale, and these experiments led to an effort to produce something 
intermediate between these too quickly drained clay films and the 
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coarse spray model illustrated by Plate 3. The desideratum would 
be a model of some very fine material like clay, with an impalpable 
but continuous moistening of the surface, and sufficient thickness to 
permit the development of a distinct relief under erosion from the 
resulting rills. 

Models Sprayed with Atomizers. Such conditions were finally 
realized by using the finest kind of crushed rock — slimes from a 
stamp mill — and spraying with atomizers. The atomizers used were 
the ordinary bottle style used in a barber-shop. Air pressure was 
maintained at about 10 pounds (ca. 4.5 kg) per square inch (625 




Fig. 1. Electric Air Compressor. 

sq. mm.) while two atomizers were in operation. The apparatus for 
compressing the air is shown in Fig. 1. A J h. p. electric motor 
operates a single-cylinder air-pump. The air is compressed in a five- 
foot tank provided with pressure gauge and an automatic shut-oft* 
valve which may be adjusted to stop the motor at any required pres- 
sure and start again when pressure is reduced. A rubber tube from 
the tank carries the air to the atomizers which are each provided with 
independent cocks. This apparatus may be obtained of dealers in 
barber's supplies. 

A model of slimes was built ^ as follows: — a plate of glass 6^ X 8i 
inches (.165 X .216 m) rectangular was placed on the bottom of a 
deep ash-pan. A quantity of the slimes was stirred in water and the 

» The laboratory work of this and the last experiment was done by Mr. H. G. Fergu- 
son, now government geologist in the Mining Division, Bureau of Science, Manila. P. I. 
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turbid mixture poured into the pan on the glass and left overnight. 
The slimes settled on the f^ass in a layer about ^ inch (.013 m) deep. 
The slime-covered plate was removed and supported at a tilt of 20 
d^rees, one end resting on a brick, the other on a sheet of slate. A 
portion of the lower edge of the model fell off abruptly, the remainder 
rested on the slate, which was horizontal. The sprays from the atom- 
izers were now turned on and in two hours the drainage pattern 




Fig. 2. Slime model. First stage. Sprayed with atomizers. 
Tracing of Plate 5, fig. 1. 

shown in Plate 5, fig. 1, was produced. Continued spraying pro- 
duced more mature topography, with deeper canyons on the side 
of the steep fall-off and flood-plains at the mouths of the rills on the 
op|K)site side. (Plate 5, fig. 2.) 

An analysis of the drainage in Plate 5 shows a number of rhythmic 
features (Fig. 2). The model differs from those of Plate 1 in that the 
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eroding waters were all supplied from the surface. The homogeneous 
model was soaked and the excess of superficial water flowed off. 
Under these conditions the controlling drainage areas for individual 
rills are true catchment basins. The upper margin, of the model (D, 
Fig. 2) is free from corrasion; here the waters accumulated, flowing 
down the slope until individual streams gained velocity and load 
suflScient to trench. Each trench then became, by reason of its 
depression below the general level, the medial line of an elongate 
drainage area, delimited by superficial divides. Lateral tributaries 
have tendency to parallelism and rhythmic spacing according as the 
general slope, initial sheet-flood, and valley-slopes were uniform. The 
aiigle of junction, in plan, of tributary and main stream in this model 
varies from 25 to 28 degrees. Parallel sets of spurs and streams occur 
in many places marking local rhythms; these are best seen by holding 
the plate obliquely sloping down from the eyes, and sighting down- 
stream along the main rills. The spurs are thus seen to, be equally 
spaced in many parallel sets related tq the general slope rather than 
to individual valleys. There are frequently parallel features of this 
sort tributary to different mains. 

The most marked parallelism and rhythmic arrangement is shown 
at the right border of the plate (A, B, C, Fig. 2). This may be viewed 
as a series of tributaries to the straight fall-line at the border. Three 
sets of streams shaped in plan like half candelabra are seen, one above 
the other, the highest (A) the largest. For each group, the lowest 
stream is compelled to eat laterally into the model farther than the 
next higher, and so on, in order to acquire its own drainage area. 
When such a stream is beyond the area which is in the shadow of the 
drainage basin next above, it wins the water of an oblique upslope 
district, and the drainage from that district unites in a channel which 
makes a distinct bend with the initial lateral channel. The bends up 
the slope, for the same group, are progressively nearer the fall line. 
The whole of group B is clearly in the shadow of group A next 
above. The highest stream of a lower group is prevented from devel- 
.opment by the proximity upslope of the group next above, which catches 
all the upslope water. The stunted growth of the highest stream gives 
an advantage to the next below which acquires a longer drainage area, 
and the third still longer. In this respect each group is like the upper- 
most group, the form of which is clearly determined by the margin 
of accumulating rainfall Z at the upper edge of the plate. The larger 
rhythm of the three groups does not follow the same law, for there the 
upper group A is the largest. The reason for this is that the upper 
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group, from the time of inception of trenching, had the waters of the 
upper margin to draw on, whereas the lower streams stood in its 
shadow. Its own capacity for trenching on across the plate was de- 
limited by competition with slopeward streams, Nos. 1 and 2 of the 
medial zone, of like grade with itself. In spite of the lateral stream's 
advantage in fall, the increasing obliquity of its course rapidly reduced 
its slope. Therefore, with like volume of upper sheet flood, its divide 
finally became adjusted to medial streams which possessed the advan- 
tage of direct flow down the slope. The larger rhythm of the three 
groups. A, B, and C, appears to have been propagated dovm, not up. 
the slope. The rhythm of streams flowing off the opposite or left-hand 
side of the plate is of a different sort, with five major streams of in- 
creasing length from top to bottom of the plate. 

The main medial streams, 1 and 2 (Fig. 2), and the side streams, 
show signs of having either shadowed or beheaded the three subordi- 
nate medial streams 3, 4, and 5. Nos. 3 and 5 appear to be shadowed 
by the right and left side streams, respectively, No. 4 appears to have 
had its right fork beheaded by the left tributarj' of No. 1, and its left 
fork by the right tributary' of No. 2. Considering the side streams as 
tributaries of the right and left fall lines as though the latter were two 
master stream courses, the t\vo fall lines mav be considered to have 
propagated across the plate the rhythmic arrangement observed. 
Shadowing 3 and 5, they left space for 1 and 2: 4, however, in the 
middle, was overshadowed by unequal competition with its two rivals. 

The process of shadowing begins with the first determination of 
drainage areas before distinct channels have been eroded. The proc- 
ess of beheading or capture takes place after channels have deter- 
mined local comjjetitive base levels. The result of competition b 
determined for the same general zone by relative volumes of water. 
Beheading is accomplished by undermining headward. Shadowing 
is accomplished from above mouthward in a very early stage of the 
development of drainage. Probably on a mathematically uniform 
.surface with uniform conditions, shadowing is a rhythmic process 
involving many miniature or embryonic beheadings. The theory 
of arborescent stream development is dependent on such a rhythmic 
process. The writer believes a complete statement of the mechan- 
ism of this process has still to be worked out. Like the many proc- 
esses of mottling, rippling, wave motion, and bilateral, concentric, 
and radial symmetry in nature, the development of ^digitate drain- 
age is a simple ^roup of rhythms in its ideal form, but probably 
never occurs siin])ly in natural examples. Nevertheless, probably the 
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cases so often described of parallel tributaries in nature, supposedly 
caused by joint systems, are generally an original or superposed rhyth- 
mic tributary system controlled by the law of drainage rh}lhm. The 
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Fig. 3. Stream-robbery model, ultimate rill pattern. Tracing of Plate 6. 

object of such experiments as those here described should be to reduce 
each element in the problem to its simplest form, and to vary one 
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condition at a time, until the primitive types have been discovered. 
To this end future experiments must be directed — not toward the 
imitation of complex landscape conditions. The just interpretation 




of problems in river drainage can be rigorously attacked only after thf 
primitive types have been worked out experimentally and some careful 
study given to the influence of each variable in the process. The 
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experiments hitherto described in this paper show results which are 
still far too complex, but they point the way. 

Stream-robbery Model. The last experiment, the results of 
which are shown in Plate 6, produced an interesting illustration of 
stream robbery. The size, material, and method of this model were 
like those of the next preceding (Plate 5), the thickness slightly 
greater. The cracks shown in the photograph w^ere the result of 
drying and should be disregarded in the discussion. Just as in the 
model of Plate 5, the drainage which developed left a clear zone of 
accumulation above, lateral streams 
formed 'on the two sides, and long 
straight slopew^ard streams formed 
medially. The ultimate stream pat- 
tern is shown in Fig. 3. 

At the end of the first day's spray- 
ing the right side streams were about 
like the left ones shown between R 
and the left edge of the model. That 
portion of stream E above the letter 
E was the headward portion of stream 
C. There were thus three principal 
medial streams initially. There was 
an initial difference of baselevel as- 
sumed whereby stream R fell off 
abruptly at its mouth F, whereas M, 
B, and C flowed out onto a flat plain 
P. As a result R became entrenched 

after the same fashion as the side streams. M, B, and C were depos- 
iting their loads and forming floodplains from about the zone of the 
letter M downwards. The right side stream E, having an abrupt 
fall-off at the edge of the plate, became entrenched and so possessed 
a greater fall than the sluggish and relatively overloaded C. Con- 
sequently E undermined its way headward rapidly. 

On the second morning of the experiment (the spray was turned on 
for three or four hours each day) E, pushing headward, captured C. 
Fig. 4 shows a rough sketch of the model at 10.50 A. M., and Fig. 5 
shows the effect at the instant of capture. The captured district of C 
at once revived and entrenched itself and the sw^ollen stream E ate its 
way across the old floodplain of C. The lower part of C became quite 
inactive, being effectually shadowed by its captor. The latter (E), 




Fig. 5. Enlarged sketdi of 
stream £ at moment of 
capture 11.45 A. M. 
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however, made no great headway in extending its new headwater 
basin, because it in turn was shadowed by the next side stream above. 
The latter controlled a broad portion of the accumulation zone, and 
being at no disadvantage as to fall, yielded nothing to E. Fig. 3 and 
Plate 6 show the final result. 

The other features of this model which deserve some notice are the 
symmetry of M (Fig. 3) in contrast to the unsymmetry of R. M is a 
typical medial stream which has developed freely with a delicate 
pattern of arborescence. R has had its left bank shadowed by the 
left side-streams from the first inception of drainage. The left side- 
streams possessed an advantage in quicker fall to baselevel, conse- 
quently they appropriated the waters of the whole area to the left of R, 
and nothing was provided whereby R could develop left-bank tribu- 
taries. R was not so shadowed to the right, where it controlled the 
accumulation area A over the space between M and the left sidt^ 
streams. Its right tributaries dominate the space between R and M 
in a fashion similar to that whereby the left side-streams control the 
space between the left edge of the model and R. Probably there was 
a faint initial slope from M left-ward in the original construction of 
the surface. R was not captured by the left side streams because it 
was enabled by a low baselevel to trencli and maintain a divide on its 
left bank even though it could not gather water from a wide enough 
lateral area to develop important tributaries. 

Discussion of Principles. The foregoing experiments suggest 
many questions and answer few. They are based on the assumption 
that the extraordinary similarity of the rill pattern to the mapped 
pattern of rivers is due to government in both cases by similar laws. 
• The writer recognizes the fact that in drawing analogies, only tlie 
mechanism of falling, running, and seeping waters is imitated, and 
not the erosion mechanism resulting from degeneration, winds, vege- 
tation, rock-joints, and other phenomena which complicate the pn>l>- 
lem in nature. He believes, nevertheless, that river, creek, brook, 
rill, spring, and underground water cooperate in an orderly system of 
land sculpturing related to structure. This system implies a mech- 
anism hydrostatic, corrasive, and depositive. Physical geography 
has produced valuable studies of form, and has classified forms in 
accordance with inferred processes of corrasion and deposition. But 
physical geography has neglected hydrostatics, and has not quantita- 
tively nor experimentally investigated the processes inferred. This 
paper will have accomplished its purpose if it starts certain funda- 



JAiGGAR: EROSION AND SEDIMENTATION. 301 

mental lines of investigation connected with land drainage. These 
are suggestive and qualitative, as the experiments have not yet 
progressed to the quantitative stage. 

Drainage areas and stream shadow have been discussed on p. 289; 
the presence of drainage surfaces essential to arborescence on p. 289; 
the importance of volume as contrasted with slo]>e on p. 291 ; the in- 
verse relation of deposits to beds eroded on p. 291 ; parallelism and 
rhythm on p. 295 and thereafter; the comparison of capture and shadow 
on p. 296; and in several places reference has been made to the under- 
mining of surfaces whereby tributaries arise and whereby a propaga- 
tion both upslope and downslope of certain rhythms may start from an 
intermediate region. In the trickle-pattern on glass, V-shaped deposits 
pointing upstream form in a mouthward (p. 292) zone of overload. 
In most of the exi>eriments there is an upper zone of water accumula- 
tion w^ithout channelling. Parallelism and rhythm in distribution of 
tributaries and spurs may by the mechanism of arborescent drainage 
be satisfactorily accounted for, without any influence of parallel 
rock joints (p. 297). 

In Plate 5, figs. 1 and 2, and Plate 6, a marked characteristic is the 
presence of much larger portions of the original surface uneroded 
near the lower edge of the models than in the middle right-and-left 
zone of many tributaries. The general surface is more lowered in 
the middle zone than in the upper or lower zones. The middle 
zone is the region of maximum corrasion, maximum removal of 
material, and maximum maturity of topography. The interstream 
divides have been lowered below the original surface level, whereas 
the original surface level is still preserved in the flat interstream up- 
lands of the lower part of the models. Hence the general upland 
surface is bevelled headward for a certain distance from the region of 
the mouths of the streams. This would give it a flat catenary profile 
from the headward district mouthward. 

This profile would be uniform wherever measured. In Plate 5 nine- 
teen or twenty stream depressions would be crossed f/om right to left 
in the middle zone and about twelve in the lower zone. Interstream 
divides in each case rise to a common level. The relief is greater in 
the lower zone. This is contrary to the prevalent conception, that 
would expect least relief and greatest maturity in the lower zone 
(Tarr, 1898). Bevelling and uniformity of crests in the same zone 
have been discussed by Tangier Smith (1899). He has developed a 
law of slopes as follows : summits follow slopes, and slopes are depen- 
dent on the rate of cutting of the streams at their foot. **If the alti- 
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tude and rate of cutting in neighboring streams of the same class are 
approximately the same, then the adjacent divides should approximate 
equal altitudes" (Tangier Smith, loc. cit, p. 164). "If at the begin- 
ning of the cycle of erosion the upland sky-line is markedly irregular. 
* * * it will depend on circumstances whether or not the uplands will 
tend to approach uniformity of altitude after graded slopes have 
been attained" (p. 170). "Adjusted slopes are graded slopes" (p. 
165). That slopes tend to become graded and equalized, and that 
summits or crestlines follow the lead of adjacent slopes is a fact of 
observation clearly stated by Tangier Smith and further illustrated 
by the models under discussion here. But Tangier Smith through- 
out his paper has failed to mention the controlling feature of the 
process, namely, underground water. The underground water- 
surface varies with the topography, rising higher under the higher 
divides and approaching the valleys to form springs. (King, 1899, p. 
97-99.) On the slopes adjacent to higher water-table, there will be 
higher hydrostatic spring pressure and consequently more under- 
mining. Other things being equal, therefore, a high water-table 
tends to pull down adjacent slopes and consequently, by Tangier 
Smith's law, lowers superjacent summits. When the water-table 
level, and with it the summit level, equal those of neighboring divides, 
the spring-pressure is equalized and the opposing slopes of a valley 
become adjusted. Accordance of summit levels is probably largely 
controlled by this process (see also R. A. Daly, 1905, p. 105), with 
the tree-line and snow-line as correlated levels. A corollary of this 
statement of the levelling controlled by the water-table is that in a 
zone of overloaded streams depositing on flood-plains, the w-ater- 
table may be dammed back into a relatively high position in the low 
interstream divides. If this be true the profile of the water-table 
from head-zone to mouth-zone along an interstream divide line 
should be concave upward with the two ends relatively higher than 
the middle portion above the catenary curve of the adjacent stream- 
beds. The water-table will thus have a headward bevel like that of 
the general surface mentioned above (p. 301) and shown in Plate 5. It 
should be noted, however, that a headward bevel is different from a 
headward slope. While still sloping mouthward, the underground 
water-surface is bevelled headward to the zone of maximum nuinlxT 
of tributaries, because the divides in that direction are lower relatively 
to the original upland surface. 

No attempt is made in this paper to discuss " peneplanation," 
meandering, or the mechanism of flood-plain aggradation. It is 
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believed by the writer that bevelling of divide surfaces to produce even 
sky-lines has been frequently confused with planation in works on 
geomorphology. Planation, where it is not marine, requires a flood- 
plain. (See Gilbert, G. K., 1880, p. 120.) True fluviatile planation 
is due to lateral corrasion and the test for it is the presence of facetted 
surfaces across diverse structure, where glaciation or marine planation 
are positively absent. It is to be hoped that the complex mechanism 
of planation may some day be subject for the experimental method. 
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EXPLANATION OF PLATES. 



Plate 1. Fig. 1^ Seepage streams in unstratified sand. Original 18 X 24 
inches (.457 X. 609 m). « 

Fig. 2. Seepage stream in stratified sand. Original 18 inches 
(.457 m) delta front to head of stream. 
Plate 2. Arborescent drainage formed by sudden flood run-off. 
Plate 3. Stone's "Gi-and Canyon" model. Original 48 inches (1.22 m) long. 
Note. Bend in lower bands is apparent, not real, and is due to 
the perspective of a curved surface in section. 
Plate 4. Arborescent trickle-pattern formed by tilting a surface covepe<i 

with liquid clay. Tilt 45*^. Actual size. 
Plate 5. Fig. 1. Slime model, first stage. Sprayed with atomizers. Origi- 
nal 6} X 8i inches (.165X.216m). 
Fig. 2. Slime model, second stage. 
Plate 6. Slime model illustrating stream capture. 
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INTRODUCTION. 



The investigation upon which this paper is based was made dur- 
ing the summer of 1906. The work was done as J. D. Whitney 
Scholar for 1906, under the direction of Professor Woodworth, to 
whom I am indebted for many suggestions, especially as to field 
methods and interpretations. The field expenses were paid by 
Harvard University from the Josiah Dwight Whitney fund for geo- 
logical field study. Mr. Harold C. Durrell of Cambridge, Mass., 
accompanied me at his own expense during most of the summer, 
very graciously assisting me in many ways. 

The district studied includes chiefly that portion of Vermont which 
lies north of the middle of the state, and west of the divide between 
Lake Champlain and the Connecticut River. The work was extended 
to Shefford Mountain and Brome Mountain in southern Quebec. 
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The chief rocks of this district are metamorphic. The dominant 
structures, belts of gneiss, schist, and limestone, strike N. N. E. 
After the surface of these rocks had been maturely dissected, it was 
glaciated and, along the western part, depressed below sea-level, 
and partly buried by marine and fresh-water deposits which are 
largely of glacial origin. In many of the valleys further east there 
are large bodies of water-laid glacial materials. Changes of local 
water-levels during the retreat of the ice-front, and successive eleva- 
tions of the region (of which the area under consideration is a part) 
have lead to a considerable dissection of the deposits just mentioned. 

In describing in more detail those parts of Vermont and Quebec 
with which we are concerned, it is convenient to divide the area on a 
topographic basis into an eastern highland, which includes part of the 
Green Mountain Highland; and a western lowland, which includes 
the southern part of what may be called the Champlain Lowland 
(Plate 2, fig. A). 

The Highland. — The highest parts of the main ridge of the 
Green Mountains are in the highland part of the area* Several 
points on the ridge are over 4,000 feet in altitude. Mt. Mansfield, 
which occupies a central position in the area studied, rises 4,364 feet 
above the sea. Through this ridge and lower ridges on the east and 
west, the three largest west-flowing rivers of Vermont have cut deep 
water-gaps. The depth to which these gorges were cut before they 
were partly filled with glacial materials is not precisely known, for the 
glacial materials have not yet been sufficiently removed or explored. 
South of Mt. Mansfield where the Winooski River has cut through 
the ridge the gravelly stream bed is less than 330 feet above the sea. 
North of this mountain the bed of the Lamoille River is scarcely 150 
feet higher. 

Several of the longitudinal subsequent valleys east of the main 
ridge are but little higher than the water-gaps through which they 
are drained. For example, the valley next east of Mt. Mansfield, 
the northern part of which drains to the Lamoille River, and the 
southern part to the Winooski River, is only 740 feet in altitude at the 
divide on the floor of the valley, between these streams. 

The northern ends of some of the longitudinal valleys northeast 
of the one just described drain northward from similar low divides 
into Lake Memphremagog, thence into the St. Lawrence River; some 
of the valleys southeast, drain southward through branches of the 
White River, into the Connecticut River. 

The Lowland. — The lowland part of the area studied is bounded 
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on the east by the high ridge of the Green Mountains, and on the west 
by the Adirondack Mountains; at the south it narrows and merges 
into lowlands of a similar character in the middle Hudson valley; 
at the north it is continuous with the thousands of square miles of 
almost dead level clay plains south of the St. Lawrence River. 
Above the plains in Quebec several igneous stocks rise. Brome 
Mountain and Shefford Mountain are two such stocks situated about 
25 miles north of Vermont. Below the level of the plains there is an 
area extending the entire length of northwestern Vermont which was 
not completely filled to the general level by glacial deposits. This 
area is occupied by Lake Champlain. The surface of the lake is 
96 feet above the sea, according to Gannett's (1906) Dictionary of 
altitudes. 

THE SHORE-LINES. 

Problems stiated. — The problems in mind when this study was 
begun may be stated as follows: — 

1. What evidences are there of abandoned Pleistocene shore-lines 
on the eastern side of the Lake Champlain drainage basin ? 

2. Are such shore-line features as may be found, associated with 
local bodies of water, or may they be correlated with shore-lines already 
made out in the western part of the Champlain district ? 

3. Did any of the Pleistocene lakes which once occupied valleys 
now draining westward into Lake Champlain drain eastward into 
the Connecticut River? 

Previous Studies. — C. H. Hitchcock and others ('61, p. 93-191) 
early mapped and described many terraces and so-called shore-lines 
of northwestern Vermont. Later, Baldwin ('94) studied some of the 
evidences of submergence along the eastern shore of Lake Cham- 
plain, and Chalmers (*98, p. 12-19) makes reference to beaches in 
southeastern Quebec. Woodworth (1905) has brought together the 
results of his own observations and those of others in the I^ke 
Champlain district. I give here a summary of the history of the 
body of water which occupied the valley of Lake Champlain during 
the retreat of the Wisconsin ice-sheet, as such history has been 
sketched by Woodworth. 

WTiile the southern end of the ice- tongue which occupied the Cham- 
plain valley stood in the vicinity of the present divide betw'een the 
Champlain and Hudson valleys, a body of fresh water known as Lake 
Albany bordered the ice-tongue, and drained southward. At a later 
time the waters of the southern part of Lake Albany were drained 
away, but the waters of the northern part were held in at a lower level 
than the original level by a barrier across the basin near Schuylerville, 
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N. Y. This smaller lake has been called Lake Vermont, or Glacial 
I^ke Champlain, for from this beginning it continued to extend 
northward across Vermont in the Champlain valley as the ice-front 
retreated. The highest level of this lake was determined by an 
outlet just east of Quaker Springs, N. Y. This stage of Lake Ver- 
mont, Woodworth (according to a verbal statement to the writer) 
would now call the Upper Coveville stage. A rather gradual lowering 
of this lake took place until an outlet near Coveville, N. Y., at a level 
100 feet lower, inaugurated a period of nearly constant level, known 
as the Coveville stage. The ice-front now stood somewhere between 
Port Kent and Street Road, N. Y. * (opposite the southern third of 
the Vermont area which is under consideration). 

After the lake stood for some time at this level, during which time 
the ice-front was continuing to retreat, another outlet, through the 
valley of Wood Creek, took the drainage of the lake and lowered 
the lake-level another 100 feet. This is the lowest outlet which has 
been discovered for Lake Vermont. The probabilities are that the 
subsequent lowering of the lake-level was caused by the leaking out 
of water tow^ard the north, around or beneath the ice. When the ice 
no longer formed a barrier across the northern end of the Champlain 
valley the sea had free access to the present site of Lake Champlain, 
owing to the fact that the land was depressed at the north. The 
amount of depression at the site of the present foot of Lake Cham- 
plain was about 450 feet. This depression was of the nature of a 
tilting, for the head of Lake Champlain was not then below sea-level. 
Since the sea first came into the valley there has been uplifting at the 
north so that the shore-lines developed at that marine stage are now 
inclined toward the south at the rate of about 3.65 feet per mile.* 
This tilted plane is the upper marine limit. 

All the shore-lines made at the different stages of Lake Vermont 
participated in this upw^arping, so they also slope southward. 

Preliminary Data. — Determination of Altiivdes. Altitudes were 
determined by means of the aneroid barometer and hand level, using 
such reference points as could be found in Gannett's (1906), Dictionary 
of altitudes, and on the Burlington and Middlebury topographic sheets. 

Glacial Striae. Some idea of the final movements of the glacial 
ice in the valleys, as a clue to the position of possible ice barriers as 
parts of shore-lines, seemed highly desirable. For this reason glacial 
striae were mapped whenever encountered. 

» Woodworth. 1906. p. 106. 

3 This figure was obtained from calculation based on the profile, Plate 28, of Wood- 
worth's report (1905, p. 226). 
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The sketch map (Fig. 1.) shows the glacial striae observed around 
the base of Shefford Mountain. The directions of the striae on the 
convex north slopes of this isolated mountain are consistent with the 
idea that the main current of ice at the time the striae were made, 
was west of the mountain, and was directed southward along the axis 
of the Champlain valley. In this case the striae on the south (lee) side 
of the mountain might be crossed in directions, as they are found to be. 




Glacial Sbrioa, fchus^^v^ 



Fio. 1. — Map of glacial striae on the upturned sedimentary rocks around the base of 
Shefford Mt.. Quebec. 

In each valley of northwestern Vermont the glacial striae lie nearly 
parallel with the axis of the valley, whether the valley is longi- 
tudinal or transverse. There is, however, a well-marked tendency 
toward a N. W.-S. E. direction, if the striae are all considered to- 
gether. This is good evidence that there was a strong movement 
of ice southward in the Champlain valley after the region just east 
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of the Green Mountains was nearly free from ice. Taylor (1903, 
p. 363) finds evidence in the Berkshire Hills that the Green Moun- 
tains were an effective barrier to the eastward extension of the ice- 
front during its retreat from western Massachusetts. For a long 
time after the main portion of the ice-front began to be confined to the 
western side of the Green Mountains there were still remnant tongues 
pushing eastward through the gorges of the Winooski and I^moille 
rivers. In the Winooski gorge, near Bolton, roches moutonndes 
with the plucked sides on the east give conclusive evidence of such 
movement.* The effects of these tongues of ice in the gorges upon 
the drainage of the valleys east of the Green Mountains will be con- 
sidered in succeeding paragraphs. 

Shore-lines in the Champlain Lowland. — It is convenient 
to begin with the southernmost shore-line features to be considered, 
and proceed northward. The location of the places mentioned may 
be found on the map, Plate 2. 

Bristol to the Winooski Delta, The Middlebury sheet shows the 
village of Bristol to be situated on a terrace 600 feet in elevation. A 
mile west of the village, north of the railroad crossing, there is another 
terrace at the altitude of 490 feet. From the description which C. H. 
Hitchcock ('61, vol. 1, p. 131) gives of the surface of these terraces 
and from their topographic relations, I am led to classify them as 
deltas and shore-cliffs, and to correlate them with the two highest 
stages of Lake Vermont, namely: — the Upper Coveville and the 
Coveville. 

Beginning at Bristol and extending north to Hollow Brook, on the 
east side of the Hogback Mts. there is a longitudinal valley part of 
which drains northward by I^wis Creek, and part southward by Bea- 
ver Brook. The south-draining part of the valley w^as evenly graded 
by a filling of water-laid deposits, and was afterward trenched by 
stream erosion.' It is from this valley that the Bristol delta extends. 
The large amount of water-laid materials in the valley, and the size 
of the Bristol delta make it evident that no small amount of drainage 
from the ice coursed through the valley while the delta was building 
into Lake Vermont. The altitude of the valley deposits makes it 
seem probable that the process of valley filling began during the latter 
part of the existence of Lake Albany. 

1 1 have not noticed any evidences of local gladation in northern Vermont. Chalmers 
('08. p. 28) and Upham ('95, p. 18) are of the opinion that considerable bodies of ice 
remained in and east of the Green Mts. after the Champlain valley was free of ice. 

2 It is from the U. S. topographic maps, and the descriptions in Hitchcock's report 
('61, vol. 1, p. 131, 141) that 1 get the facts concerning the deposits from Bristol to 
Hollow Brook. 
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When the ice-front had receded so far as to free this valley of ice, 
it, at the same time, left free the valley of Hollow Brook, which comes 
into this valley from the east. There is a conspicuous terraced delta 
at the mouth of the Hollow Brook valley. The top of the highest 
terrace (605 ft.) is about 20 feet too high for it to be considered con- 
temporaneous with the highest level of the Bristol delta, allowance 
being made for tilting according to the evidence given by certain 
shore-line features on the New York side of Lake Champlain. Yet 
these deltas in Vermont are so much better defined, and so much 
further north of the Coveville outlets of Lake Vermont, that they 
probably more accurately define the slope of the Upper Coveville 
stage than do the shore-line features in New York. Furthermore, 
if the southward tilting of the shore-lines is due to unloading of the 
land at the north as the ice-sheet melted, then the first formed shore- 
lines should slope more than those formed later, provided, of course, 
that uplift took place at intervals' during the unloading, as well as at 
intervals since. 

The Hollow Brook delta is much too laige to have been built during 
the life of Lake Vermont by any stream or ice discharge from the 
basin which the brook now drains. An explanation of the existence 
of the delta is found 3 miles up the valley at a divide between Hollow 
Brook and a stream which flows into the Winooski River. In the 
water-laid deposits which cover the surface at this divide there is a 
stream-made trench about 50 feet deep. The floor of the trench is 
only a few feet higher than the upper level of the delta. This trench 
is evidently the abandoned outlet of a lake which occupied the lower 
part of the Winooski basin. As a further confirmation of this idea, 
I found banded clays dipping west in the valley east of the divide. 

W^ave lines marked by rounded cobbles and patches of gravel occur 
at heights of 240 and 265 feet above the sea, near the northern cross- 
road on the low limestone ridge leading southwestward from Ver- 
gennes.^ In the clayey walls of a drainage ditch one fourth of a mile 
west of the railroad station at Vergennes at an altitude of 180 feet, I 
collected ten valves of MacoToa groenlandica. These marine shells 
had been transported, I believe, a little way off shore from where 
they had been living in the shallow water at the base of a limestone 
hillock. The shells occur about 50 feet below the upper marine limit. 

About 4 miles east of Vergennes, Little Otter Creek flows out of a 
basin about 2 square miles in area through a gap in the western rim of 

» This*ridf;e was mistaken bj^ Baldwin ('94, p. 172) for an esker. 
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the basin. The rim at the gap is composed of till. The lower parts 
of the surface of the gap, between the 260 and 280-foot contours, are 
strewn with boulders which are evidently a concentration due to the 
removal of the fine material in which they were enclosed. I recognize 
here characteristics of wave and current work, rather than those of 
stream work. I explain this occurrence of boulders, on the hypothesis 
that when Lake Vermont was lowering, the basin behind the gap 
held an arm of the lake. When the surface of the lake had fallen 
so as to nearly expose the low part of the rim of the basin strong 
scouring began. The last part of the scouring may have been done 
by tidal currents, for the position of this boulder-bed falls in line with 
the upper marine limit. 

The two small streams next west of this locality flow from narrow 
swampy areas which meet the spurs of the hills abruptly, as if the 
swamps were formed by the silting up of bay heads. The swamps- 
are at approximately the level of th^ bouldery slopes above described 
(270 feet). 

Four miles north of Vei^nnes, the cross-road leading west from 
Shellhouse Mountain crosses a boulder-strewn surface at about the 
270-foot contour. This wave line follows the contour of the hill 
northward for 2 miles to a projecting point where the signs of wave 
action are strongly developed. North of the point there is a delta- 
filled embayment. 

At a lower level (200 feet), and a mile southwest of the line just 
described, a gravelly ridge having the proper topographic aspects- 
of a barrier beach, extends along the road from Vergennes to Ferris- 
burg. For 20 feet above this level many of the rock knobs are bare, 
as if wave washed. 

From a well-defined cobble beach 1 mile east of Shelbume Falls, 
a line of wave action may be followed for 4 miles near the 310-foot 
contour. Northward, this shore-line becomes less distinct and appears 
to split up into two lines marked by terraces at elevations of 290 feet 
and 320 feet, east of Shelbume Bay. 

The Winooski Delia, Opposite the north shore of Shelbume Bay, 
about 2 miles from the last locality mentioned, the 290-foot level is 
again represented by a terrace. Terraces with broad flats appear 
below this one, at altitudes of 220 feet and 120 feet. These terraces 
are all sandy. (Comparison of them with terraces on the immediate 
shores of Lake Champlain, leaves no doubt that they form parts of 
abandoned shore-lines, the materials of which they are composed 
being the delta deposits of the Winooski River. 
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Two miles further east, near the head of Potash Brook, a shore- 
line appears which may be traced along near the 400-foot contour, for 
3 miles. Where this shore-line reaches the hills, pockets of pebbles, 
may be found in many of the small embayments. 

From 1 to 3 miles south and southeast of Essex Junction, near the 
former head of the W inooski delta, terraces at elevations of 400 to 
410 feet, and at 500 to 520 feet, overlook the deep trench which the 
river, now occupies. Traces of the 400-foot level may be found on 
the low hill 2 miles west of the head of Potash Brook. 

The Lamoille Delta. Sand flats, rising from 380 feet in altitude 
near Milton to 395 feet a few miles further up the Lamoille River 
at East Georgia, and covered in places with drifting dunes and irregu- 
lar patches of gravel, give general but rather indefinite evidences of a 
water-level w^hich falls into the plane of the upper marine limit. Mak- 
ing allowance for tilting of this plane between Milton and East Georgia, 
the water-level which determined the surface of the sand flats must 
have persisted for a long time. A number of isolated hills rise abruptly 
out of the delta. Their modif3ring influence on the distribution of 
currents probably had much to do with the apparent indefiniteness^ 
of the shore-line on the delta. No higher shore-lines were found in 
this vicinity. It may therefore be inferred that the ice still occupied 
this part of the Champlain valley when the high terraces of the 
Winooski delta and of the deltas further south were building into 
Lake Vermont. 

St Albans Bay. Along the shores of St. Albans Bay narrow ter- 
races and wave lines occur at vertical intervals of from 5 to 20 feet up 
to the height of 150 feet above the level of the Bay. 

The Missisquoi Delta. The lowest terrace of the Missisquoi delta 
that I studied is the one at an elevation of 305 feet. Two or three 
feet below the surface of this terrace, in the gravelly top-set beds I 
found three specimens of a gastropod of an undetermined species, and 
more than one hundred valves of Macoma groenlandica. From this 
occurrence of marine shells and from occurrences elsewhere in the 
Champlain district (Woodworth, 1905, p. 208-216) it is clear that 
marine waters must have stood as high, at least, as this terrace. 

The highest point at which sands occur which I can definitely 
refer to the delta deposits of the Missisquoi River, is at an elevation of 
380 feet. This occurrence is near the railroad station at Highgate 
Centre, about 60 feet below the supposed upper marine limit at 
this place. 

There seems to be no w^ay that the sea could have entered the 
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Champlain valley except around the eastern borders of the ice as the 
ice-front receded from its contact with the hills northeast of this part 
of Vermont. Why well-defined shore-lines do not occur here at what 
has been considered the position of the highest marine level is an 
open question. 

Upham (1895) and Woodworth (1905, p. 202) have supposed the in-r 
definiteness of the upper marine shore-line on the northwest side of Lake 
Champlain to be due to a readvance of the ice into the northern part 
of the Champlain valley at the close of the upper marine st^e, or 
later. Such an advance would account for the absence of any clearly 
recognizable beaches above 400 feet in elevation in Vermont, north 
of St. Albans. The trace of the upper marine shore-line projected 
northw^ard, crosses the Missisquoi valley near Enosburg Falls, nearly 
20 miles east of I^ke Champlain, and 15 miles east of the part of 
the Missisquoi delta where marine shells have been found. Three 
miles soutli of Enosburg Falls at the altitude of the upper marine 
limit (430 feet) the road between East Berkshire and West Enosburg 
follows a low esker for a mile. The slopes of the esker and of the 
low ridges east and west of it appear to have been unaffected by wave 
action. The north end of the esker is buried under the sandy deposits 
of the terraces of the Missisquoi River. It seems, therefore, that this 
part of the Missisquoi valley was still occupied by ice at the end of 
the upper marine stage. 

Summary and Conclusions, The east side of Lake Champlain is bor- 
dered by abandoned shore-lines referable to several stages of a glacial 
marginal lake, and to several marine stages. The relations of the 
various shore-line features which have been found may be seen in 
Plate 1, on which the relative distances from north to south, and the 
relative altitudes of the shore-line features are plotted. The delta 
terraces and beaches along the line L M are so near together and so 
strongly developed that they appear to belong together, and to mark 
the stage which was longest, and in which wave action accomplished 
most. Reference to Woodworth's (1905, p. 226) chart which was 
constructed in a similar way shows that a line parallel to L M and 
not more than 20 feet below it represents the upper marine stage for 
the New York side of Lake Champlain. That these line5 are in the 
same tilted water-plane there can be little doubt. Lines drawn 
parallel to L M through the points above it are related in the same 
way to lines on Woodworth's chart. I have, therefore, adopted the 
names which Woodworth used for these water-levels. 

The fact that the shore-lines on the Vermont side of I^ke Cham 
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plain are 20 feet higher than those on the New York side warrants 
the two conclusions that uplift has been greater on the Vermont side, 
and that the line of maximum tilting slopes S. S. W. 

Shore-lines in the Valleys of the Highland of Northwestern 

Vermont. 

General Statements. — Sections in glacial deposits of several of the 
valleys in the highlands of northwestern Vermont show beds of well- 
laminated clay scores of feet in thickness. These are undoubtedly 
quiet water deposits. In several localities such clays are found to be 
overlain by till, or are much disturbed at the surface, as if they had 
been overridden by ice. In other localities gravels having a kame 
topography overlie clays. It seems, then, that either local or more 
widespread advances of the ice took place which must have effaced 
the shore-lines of the bodies of water in which the clays were laid 
down. For this reason only those structure sections which could be 
consistently related to existing topographic features of shore-lines 
have been given weight in the following discussion. 

From what has previously been said about the tongues of ice pushing 
eastward through the water-gaps of the Green Mountains, and from 
the topographic relations of the valleys east of the mountains, and 
also from the facts — which are discussed later — concerning the 
water-laid deposits in the valleys, the following synopsis of the devel- 
opment of drainage in the valleys during the last stages of their occu- 
pancy by ice, may give the reader a means of correlating some of the 
apparently isolated facts which are mentioned later. 

If we consider a valley already partly filled with water-laid deposits 
to be over-ridden by ice which moves up the valley, then, when the 
ice begins to retreat, a lake may form between the ice and the head 
of the valley, discharging either down the valley under or around the 
ice, or across a divide into another valley. 

In such a lake outwash from the ice might be spread in broad sand- 
plains at approximately lake-level around the tongue of the glacier 
during a period of halting. Such sand-plains might be so effective 
a barrier as to prevent the water of the lake from falling immediately 
to a level appropriate to the next halt of the ice. If a complete barrier 
was not formed the lake would fall to its next level during the with- 
drawal of the ice. Then a new outwash-plain and other shore-features 
would develop, giving the former lake basin two sets, if the water- 
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level did not fall so much as to drain the valley. After successive 
•drops in the level of the lake the head of the valley would be abovT 
water and thus subject to river erosion. One of the later stands of 
the lake might last long enough to allow the inflowing river to grade 
its course, build a delta and develop flood-plains. While the river 
was at grade, a large part of the valley filling might be removed by 
lateral swinging of the river. Thus only flanking terraces would be 
left to mark the former lake-levels. Let the lake-level to which the 
river is graded drop again. The river would be permitted to partly 
-consume its former flood-plains and develop new ones. 

Now, if, to the history so far outlined, there are added two com- 
plications, namely: — that instead of one valley there are three parallel 
valleys, which during certain periods of the ice retreat were inter- 
communicating, and that during this glacial history and subsequently 
there has been tilting of the land on which the records of the lake- 
levels have been made, then the chief conditions which have obtained 
in the western Vermont vallevs will be recorded. 

The Winooski Basin. — Side Valleys. One of the first lakes to 
form in front of the ice in the Winooski basin was north of the swampy 
divide, at an altitude of 990 feet, between the Dog River which is one 
of the southern tributaries of the Winooski River, and the Third 
Branch of the White River, which is tributary to the Connecticut 
River. 

Extending north from the divide at Roxbury, there is a sand-plain 
which rises northward to a height of 20 feet above the divide, where 
it joins an esker about one third of a mile long. On the east side of 
the head of the sand-plain an ice-block hole has a delicately marked 
shore-line about its rim. Such a line may be ascribed to lake ice 
action along the shore, rather than to waves. 

A massive sand terrace which appears 2 miles north of Roxbury 
on the east side of the railroad at an elevation of 975 feet was probably 
built in a marginal lake. 

Three deltas, further down the Dog River valley, in the vicinity of 
Northfield, at an elevation of 940 feet, were all possibly built into one 
lake. One delta is at the mouth of a tributary entering the Dog 
River from Northfield Centre, another is east of the Northfield railroad 
station at the mouth of a small brook, and the other is one and one 
half miles south of Northfield on the east side of the river. 

Two and one-half miles south of Northfield terraces, which are 
gravelly, occur on the sides of the valley at heights of 845, 830, 820 feet 
above the sea. They were probably cut by streams marginal to 
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:stagnant ice. Terraces due to three successive periods of grading 
of the present stream are found below the gravel terraces. The 
upper one, at an elevation of 775 feet, is much broader than the rest, 
and dies out further down the valley. Inasmuch as I found no 
barriers down the valley to account for these periods of grading, I 
have supposed that they were caused by successive lowerings of a 
lake which formed the local base-levels. Evidence of a lake at this 
775-foot level is found northward, 3 miles further down the valley, 
where a delta-like deposit occurs at the mouth of Jones Brook. The 
upper terrace shown in Plate 3, fig. 1, is also at this elevation. It 
is across the river from, and about half a mile north of Jones Brook 
and the village of Northfield. The lower terraces shown in the view 
are of the same origin as those described at the beginning of this 
paragraph. Similar terraces occur still further north. 

In the north-south valley next east of the Dog River valley a lake 
formed north of the 890-foot divide near Williamstown. This divide 
is in a swamp which drains both northward into the Winooski River, 
and southward through the Second Branch of the White River into the 
Connecticut River. Immediately north of the divide the valley floor 
is occupied by a lakelet about one half a mile long, probably an ice- 
block basin, and by a small esker with a bordering belt of kames. A 
little further north the stream draining the pond falls over a 20-foot 
ledge into a swamp. 

South of the divide there are two other small lakelets in rock basins. 
Beyond them, southward, the valley floor has been swept nearly clear 
of glacial materials by the temporary discharge of the glacial lake 
north of the divide. Still further south the flat valley floor gives 
place to a narrow postglacial gorge with cascades. Below the cas- 
cades the gorge widens considerably and is floored with alluvial 
deposits over which the small stream meanders. The excavation of 
this part of the gorge was evidently done by a larger stream than the 
present one, for the present stream is aggrading here. Part of the 
excavation is probably preglacial, most of the remainder was done 
by a glacial stream while an ice-tongue still projected south of the 
divide. Only a small part seems to have been done by the water 
flowing from the glacial lake behind the divide, for erosion has not 
been great near the divide and the small lakes in the path of such 
drainage have not been filled. 

The ice-front stood for some time about 3 miles north of the divide, 
discharging debris into a lake which occupied the site of Williamstown. 
A section about 20 feet in depth near the railroad station shows by 
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the crossbedding that the discharge from the ice was southward, but 
the top-set beds of this delta were not found at a height greater than 
20 feet below the divide which held the lake in. This fact testifies 
to the early establishment of drainage down the valleys around the 
ice. To have allowed this the ice must have been in lai;ge part stag- 
nant. 

The divide at Williamstown is the lowest one between the Lake 
Champlain drainage and that of the Connecticut River. It is about 
400 feet higher than the highest stage of Lake Vermont. Therefore, 
Lake Vermont never had an outlet into the Connecticut River. 

Between Williamstown and the main valley of the Winooski River 
the railroad traverses an area of typical kame topography of which 
the many unfilled basins at an altitude of about 760 feet are evidence 
that lacustrine conditions did not prevail above this elevation after 
the valley was free of ice. 

At the junction of this side valley with the main valley there are, 
however, broad flats underlain by horizontal fine sands at a height 
of 745 feet above the sea. A mile up the side valley a narrow embay- 
ment is fringed with distinct marks of a shore-line at an altitude of 
750 feet. 

The only one of the valleys tributary to the Winooski on the north 
which I visited, is the Waterbury valley. This valley has been re- 
ferred to as the most typical of the longitudinal valleys. It lies 
east of Mt. Mansfield. At the mouth of this valley, as well as in 
the main valley of the Winooski, terraces composed almost wholly 
of clay rise nearly 100 feet above the river, and over 500 feet above 
the sea. Clays are found also up the Waterbury valley at an altitude 
of over 700 feet. 

The divide on the valley floor between the Waterbury valley and the 
valley of Joe's Brook — which slopes northward — is only 740 ^ feet 
above the sea. The surface at the divide is wholly made up of watei^ 
laid gravel and sand. The aspect of the eastern part of the divide 
is showTi in Plate 3, fig. 2. Here it is seen as two well-marked terraces 
about 15 feet high and 400 feet wide, trending squarely across the 
valley. The terraces are about three fourths of a mile long, and al- 
though they appear horizontal, they slope westward along their trend 
about 60 feet per mile. At their eastern ends they grade into kame 
terraces which border the valley for miles, at their western ends they 
die out in a broad sandy plain. The eastern part of the upper terrace 

* Four barometric determinations from Waterbury (427 feet) gave a mean of 690 feet 
for the altitude of Stowe (liotel steps). 
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is crossed obliquely by inconspicuous terraces which radiate from its 
southeastern margin. A small stream enters the valley near this 
point. The terraces face a nearly level valley floor below which the 
small stream and the Waterbury River are entrenched a few feet. 

Northward from the edge of the highest terrace the gravels become 
hummocky, a few kame kettles appear, and near the 700-foot level 
clay becomes conspicuous, even on the knolls. The clay is clearly a 
lacustrine deposit. 

It is apparent then, that stagnant ice was present during the deposi- 
tion of the gravels, and that the valley north of the divide was occu- 
pied by a lake after the disappearance of the ice. 

Although my studies were not detailed enough to give data for a 
thoroughly satisfactory explanation of the origin of the terraces, I 
feel sure that they represent approximately the levels at which lake 
waters stood, submerging the lowest part of the divide.* The alti- 
tudes of beaches near Montpelier (735 feet) and near Morrisville in 
the Liamoille valley a few miles north of this divide (760 feet), are 
further evidence that water stood high enough to over-top the divide. 
I have called this water body Lake Mansfield because of its topo- 
graphic relation to Mt. Mansfield. 

— . — Main Valley. The upper Winooski valley between Plain- 
field and Montpelier is deeply filled with water-laid deposits which 
rise to an altitude of 750 feet.' 

On Seminary Hill in Montpelier a section exposes the following 
sequence of deposits. Upon a thick base of clay there rests 6 feet of 
horizontally bedded fine sand. The sand is followed by 4 feet of 
gravel in thin broad lenses. The contact of the gravel and sand is 
so nearly a plane that I believe the gravel has been dragged from a 
beach by wave-currents, over off-shore sands, during the lowering 
of the water-surface under which the sand was laid down. The 
slope of the gravelly surface is a few feet per hundred upward 
from this locality to the hills, the line of meeting being about 675 * 
feet above the sea. A level at a corresponding altitude, and gravel- 



> Either the terraces were cut and leveled by wave action — which seems improbable 
because they slope — or they were made by a stream which was confined by ice walls 
on both sides. Evidence of an ice wall on the north side is at hand, but such evidence 
on the south side I did not notice. The brook entering the valley at the east end of 
Ihe terraces, acting with water from the melting ice, is a possible terrace-making agent. 

' Clay and cross-bedded gravel dipping east were noted in a cut west of the viaduct in 
Plainfleld. at an elevation of 750 feet. 

< The altitudes in the vicinity of Montpelier are referred to Montpelier Junction (522 
feet). The railway stations in Montpelier are not more than 5 feet lower. 
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covered, occurs east of Washington St. in the city of Barre. Pebblv 
ridges crossing this flat near Main St., I have considered to be beach 
lines. ^ 

The Winooski valley westward from the Green Mountains has an 
upper terrace level at 565 feet above the sea. This is best represented 
northwest of the village of Richmond. It is found also on the south 
side of the valley extending east of Richmond about 3 miles to the 
mouth of the Huntington River, which comes into the Winooski River 
from the south. This set of terraces corresponds to the Coveville 
stage Lake Vermont. 

West of Richmond there is a terrace level along the 500-foot contour 
aggregating several square miles in area. This has already been re- 
ferred to as one of the upper levels of the Winooski delta in Lake 
Vermont. All the terraces in the vicinity of Richmond below an 
altitude of 500 feet must be stream terraces, unless there was a rise 
in the level of Lake Vermont after the river had trenched its delta 
and developed flood-plains accordant with the lake-level. 

Two and one-half miles south of Richmond, near Owl's Head hill, 
banded clays occur in roadside cuts at an altitude of 645 feet. East 
of the hill a deeply dissected sand-plain attains the observed elevation 
of 650 feet. Outwash from the ice is the only probable source of the 
materials in these deposits. This sand-plain must have been built 
into a lake tributary to Lake Vermont during a part of the Upper 
Coveville stage of Lake Vermont. The presence of the ice as far 
south as this locality at this time, supports Wood worth's belief that at 
the time of the Upper Coveville stage the ice impinged against the 
mountain side as far south as Port Kent, New York. 

The Lamoille Basin. — The Main Valley. I traversed the Lamoille 
valley from Milton near its mouth, eastward to Greensborobend near 
its source. 

The most elevated sections which gave evidence of origin in standing 
water are well up the river, in the village of Hardwick. Near the 
railroad station at this place at an altitude of 895 feet, cross-bedded 
sands enclose numerous clods of stony till. East of the village at an 
elevation of 1055 feet a large body of gravel, apparently of proglacial- 
delta type, forms a flat surface half a mile wide. The level of the 
water in which this deposit was made was high enough to have ex- 
tended northward into as much of the Lake Memphremagog valley 
as may have been free from ice at that time. Certain high-level 

* Contorted clays under this terrace, I have taken as an evidence of reftdvance of the 
Ice. 
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terraces in that valley Hitchcock^ has correlated with stages of a glacial 
lake which he has called Glacial Lake Memphiemagog. 

If the amount of tilting has been correctly measured the lake at 
Hardwick at the 1055-foot level could not have drained into the 
Connecticut River, for the lowest point between the basins of the 
Connecticut River and the St. Lawrence River was then higher than 
this lake. (The point is near Williamstown at 890 feet). The drain- 
age was probably southwestward along the ioe-front. 

A few miles further down the river, one mile west of Wolcott, an ex- 
posed section of a delta shows fore-set beds dipping south, and top-set 
beds of thin lenses of gravel. At the level of the top of this section, 
800 feet in elevation, there is a delta-like deposit at the cemetery 
northeast of the village, and broad terraces at the mouth of Wild 
Brook, 2 miles west of the village. The water-body standing at this 
level could not have drained northward into Lake Memphremagog. 
Because it was confined to the Lamoille valley it seems appropriate 
to call this body of water Lake Lamoille. 

Still further down the river near Morrisville, the Lamoille valley 
widens broadly where it is met on the south by the Joe's Brook valley. 
Sandy plains with small dunes and gravelly ridges cover an area of 
several square miles. On the hill slopes between Joe's Brook and 
the Lamoille River irregular terrace-like forms cross the Elmore road 
at an elevation of 950 feet and lower. At 790 feet, 760 feet, and 725 
feet above the sea, parallel gravelly ridges from 1 to 3 feet high, each 
below a terrace cliff, and separated from it by a slight depression, 
border the valley southeast of Morrisville. The terrace cliffs face the 
valley. The ridge below the cliff at the altitude of 760 feet has an 
exposed cross-section showing the gravel of which it is composed to 
be distinctly cross-bedded, the dip of the beds being toward the 
adjacent terrace cliff. The topography and structure of this gravel 
ridge, and the topography of the adjacent country all support the 
idea that the terrace cliffs here are wave-cut, and that the low ridges 
below them are barrier beaches. Moreover, a water-level at about 
the altitude of the highest of these terraces is necessary to account 
for the clays, and the northerly drainage, of the valley of Joe's Brook. 

The larger part of the floor of the valley about Morrisville is very 
evenly filled to an altitude of about 660 feet.' The river is deeply 

1 C. H. Hitchcock, High level gravels in New England. Bull. Geol. Soc. Amer., 
1804, vol. 6. p. 460. 

> lALTge ma.«»ses of highly contorted clays may be seen in the eastern part of the village 
at about this elevation. 



326 bulletin: museum of comparative zoology. 

trenched below the surface of this filling. A hundred acres or more 
of the surface of the northern portion of this plain consists of such 
loose gravel that there is not sufficient water retained at the surface 
to support any noticeable vegetation except mats of the lichen, Cladonia 
rangiferina, and a few trailing blackberry bushes. This deposit is 
near the head of what must have been a glacial sand-plain, for no 
other source of such material seems possible. At Hyde Park, 3 miles 
down the river from Morrisville, the plains above the river are at this 
altitude (660 feet). In fact, the upper terrace level for the next 15 
miles down stream, as observed in several places, is about 650 feet 
above the sea. The one farthest west is on the south side of the river 
at Jeflfersonville. An eastern spur of this terrace is separated from 
the adjacent hill slopes by a depression which is strewn with angular 
boulders. The ice must therefore have been present in the depression 
while the terrace was forming. 

This terrace level, reaching from Morrisville to Jefferson\'ille, could 
not have been made before the Coveville stage of Lake Vermont for 
this stage of the lake attained an altitude of 650 feet at Jeffeisonville. 
That much of the material of the terraces was deposited directly from 
the ice in deep water is shown by irregular cross-bedding in cuts near 
Jeifersonville and near the railroad station at Johnson, and also bv 
regularly south-dipping gravel beds midway between Hyde Park and 
Johnson. The presence of ice during the deposition makes it proba- 
ble that several lakes at approximately the same level occupied the 
valley, discharging from one to another westward, through broad 
channels, rather than that a single body of water extended the entire 
length of the part of the valley in which the terrace was observed. 

A terrace at the 620-foot level, having much the same origin as the 
one at the 650-foot level, extends interruptedly from Hyde Park to 
Jeflfersonville. At this level, the spur of the terrace at JeflFersoni-ille, 
mentioned in the preceding paragraph, is covered to a depth of 
nearly 2 feet with a concentration of pebbles, a large part of which 
are from 1 to 4 inches in diameter. The valley here, at the time of 
this terracing; seems to have been free enough of ice to permit con- 
siderable wave-cutting on this spur. 

For the 8 miles next west from JeflTersonville the Lamoille valley 
is floored with water-laid materials which are dune covered in many 
places. Terraces at obser^-ed elevations of 535 to 550 feet, and 485 
to 500 feet were seen on both sides of the valley. Numerous sections 
indicate that, at least locally, lacustrine and fluviatile conditions have 
alternated more than once since the filling of the valley began. 
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— . — The Side Valleys, Fifteen miles east of Lake Champlain 
Brown's River enters the Lamoille River from the south. In the east- 
•em junction angle between the streams, sand terraces reach an altitude 
of about 540 feet. Terraces are absent from the north side of the 
Lamoille River in this vicinity on account of the presence of ice there 
<luring the building of the terraces on the south side. Brown's River 
had no part in this terrace building for it drains an unfilled basin of 
which the terrace deposits are the northern rim. The Brown's River 
valley, during the Wood Creek stage of Lake Vermont, was submerged 
by an arm of the lake at least 100 feet. Into the north end of the 
valley at this time sediments collected from the ice and from the 
Lamoille River; into the south end the Winooski delta encroached; 
into the middle, only a little sediment from small side streams, and 
day from the ice, found their way. Corresponding to this level of 
Lake Vermont, beaches were formed northeast of the northward 
bend of the river at an elevation of 510 feet, and 3 miles north 
•on the east side of the valley, wave- washed slopes at about 515 feet. 

When Lake Vermont began falling from its Wood Creek stage the 
Lamoille River still drained through the lake in the Brown's River 
valley. Its old channel across the Winooski delta is at an altitude of 
490 feet. Very soon, however, the ice in the lower Lamoille valley 
^ve way, allowing the Lamoille River to occupy its preglacial channel. 
The lake in the Brown's River valley then began draining into the 
Lamoille River. 

From near JeiTersonville a longitudinal valley extends northward, 
joining the Lamoille valley and the Missisquoi valley. The swampy 
<livide on the floor of the longitudinal valley attains an altitude of 
about 450 feet. South of the divide kames and outwash gravels rise 
to an elevation of 550 feet. Southwest of the divide laminated clays 
occur 30 feet above the divide. The clays are overlain by gravels 
which form an ice-block basin south of the cross-road leading to 
North Cambridge. Here the clays dip south. These relations are 
explainable on the hypothesis that the clays were laid down in a lake 
standing at an elevation of 580 feet or more, and that an advance of 
the ice over them left a stranded ice-block. 

The Missisquoi Basin. — The Side Valleys, The northern part of 
the longitudinal valley just described, also contains glacial outwash 
gravel. At Sheldon the gravels attain a height of 450 feet above the 
sea, and at the divide between Sheldon Springs and .Green's Comers, 
a height of 460 feet. The latter deposit is irregularly cross-bedded 
.and contains scattered boulders reaching four feet in diameter. 
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Half a mile east of Green's Comers, stratified clay with a thin 
capping of gravel was found at an altitude of about 440 feet. This 
clay is high enough to have been laid down in Lake Vermont shortly 
before the marine invasion, but if it was so deposited the deposition 
took place prior to the last appearance of the ice in the vicinity, for 
west of Green's Comers a till plain forms the valley floor a hundred 
feet below the altitude of the clay. 

About 8 miles West of the Green Mountains and midway between 
the Lamoille River and the Missisquoi River, in another longitudinal 
valley, a sand-plain nearly a square mile in area has an altitude of 
about 600 feet.^ The village of Bakersfield is situated upon it. A 
mile northwest of Bakersfield and at the same level there is a small 
trenched proglacial delta with an ioe-contact on the north side. Only 
a few rods west of the little delta, a well-defined esker, extending 
northward, ends abruptly in a transverse valley. No recognizable 
relation exists between the sand-plain and the esker, though the esker 
is more than a mile long, and in places more than 100 feet high. Half 
a mile southeast of Bakersfield the sand-plain gives place to kames 
amongst which two lakelets fringed with sphagnum bogs still remain. 

Two and a half miles west of Bakersfield on the road to East Fair- 
field, banded clay which contains scattered boulders as large as a 
foot in diameter was found in a cut at an altitude of about 500 feet. 
The boulders were probably dropped by floating ice. It is very 
probable that the waters of Third Lake Lamoille extended far enough 
north to have determined the level of the Bakersfield sand-plain and 
other lacustrine deposits in the vicinity. 

— . — The Main Valley. The uppermost terrace along the Missis- 
quoi River north of Bakersfield and Sheldon is so gently sloping down 
the valley that, whether it is entirely due to stream aggradation or to a 
combination of processes such as have already been discussed, it 
can be but a few feet above the level of a body of water into which the 
river emptied at the time the terrace was forming. An ice barrier 
at the mouth of the valley, or an arm of the sea at a stage immediately 
succeeding the upper marine stage may have determined the altitude 
(430 feet) of this terrace. 

Summary and Conclusions. — The main vallevs of northwestern 
Vermont drain westward. Owing to their opening into the low 
Champlain valley which largely controlled the direction of retreat of 

1 This figure in based upon several barometric determinations from Swanton as a 
base. The figures for the altitudes of Sheldon and E. Fairfield are interchanged in 
Gannett's Dictionary. 
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the Wisconsin ice from the region, the heads of the valleys were first 
freed of ice. Marginal lakes then collected between the ice-front and 
the divides. The first lakes to form were at the head branches of the 
Winooski River. Each of them for a brief time spilled over into the 
Connecticut River drainage. The last marginal lake in the Winooski 
valley to abandon the Connecticut River drainage was a small one 
north of the 890-foot divide near Williamstown. This happened 
before the lakes in the branch valleys had become confluent, and 
from this time drainage took place beneath or around the ice into the 
Champlain valley. As the ice withdrew further and the lakes coalesced 
the First Lake Winooski stages were entered upon. (Plate 2.) 

By this time, in the Lamoille valley, a similar lake was growing. 
At an early stage it is probable that it drained northward through 
the Lake Memphremagog basin. The stages preceding this probable 
stage have been called First Lake Lamoille, and those immediately 
succeeding, Second Lake Lamoille. 

As soon as the ice no longer obstructed the valleys east of the Green 
Mountains, First Lake Winooski and Second Lake I^amoille met in 
the longitudinal valley east of Mt. Mansfield, thus introducing the 
Lake Mansfield stage. 

Lake Mansfield came to an end when its level dropped enough to 
cause a division between the waters that occupied the Lamoille valley, 
and those which occupied the Winooski valley. This division brought 
into existence the Second Lake Winooski and the Third I^ke Lamoille 
stages. 

With further retreat of the ice-tongue which occupied the western 
part of the Winooski valley, a strong discharge of glacial waters took 
place through an arm of Lake Winooski which stood high enough to 
drain across the divide east of Hollow Brook. 

Subglacial communication was soon after established between Lake 
W^inooski and Lake Vermont, and then Lake Winooski dropped to 
the level of and coalesced with Lake Vermont. 

At this time the ice still obstructed the Lamoille valley. It was not 
until Lake Vermont had fallen to its Wood Creek stage that I^ake 
Lamoille became directly confluent with it, first through the Brown's 
River valley, and later through the present valley. 



^ 
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PLATE 1, 

North-south profile of shore lines along the eastern side of Lake Champlain. 
C-D — Coveville stage of Lake Vermont. 
E-F — Wood Creek stage of Lake Vermont. 
L-M — Upper marine stage. 
T-U — Upper Coveville stage of Lake Vermont. 
X-Y — The two wide terraces through which the line X-Y is drawn are the 

most strongly developed ones next below the upper marine level. 

For this reason they have been considered contemporaneous. 

The gentler tilt of the line thus drawn is consistent with the idea 

that it represents a marine stage after uplift had begim. 

1. Terrace at New Haven Mills (see Middlebury sheet), 390 ft. 

2. Terrace at Bristol, 490 ft. 

3. Delta at Bristol, 600 ft. 

4. Beach near Little Otter Creek, 270 ft. 

5. Beach near North Ferrisburg, 270 ft. 

6. A narrow terrace on the south side of the Hollow Brook delta, 540 ft. 

7. The broadest level of the Hollow Broolc delta, 625 ft . 

8. The highest level of the Hollow Brook delta. 665 ft . 

9. Terrace near Shelbume, 280 ft . 

10. Beaches east of Shelbume Falls, 310 ft. 

11. Terraces about Richmond, 570 ft. 

12. Terraces west of Richmond, 500 ft. 

13. Terraces east of Shelbume Bay, 310 ft. 

14. Terraces east of Shelbume Bay, 290 ft. 

15. Terrace near the mouth of Potash Brook, 290 ft. 

16. Delta near the mouth of Potash Brook, 220 ft. 

17. Strong beach lines south of Essex Junction and east of Muddy Brook,. 

340 ft. 

18. 19. Terraces east of Essex Junction, 410 ft., 510 ft. 

20. Terraced sand flats west of Milton, 380 ft. 

21. Terraced sand flats south of East Georgia, 395 ft. 

22. Terrace on the Missisquoi delta, near Highgate Centre, containing 

marine shells, 305 ft. 
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PLATE 2. 

A. Sketch map of northwestern Vennont. Key to abbreviations. 

B. — Bakersfield. Mis. R. — Missisquoi River. 

Ba. — Barre. Mo. — Morrisville. 

Br. — Bristol . Mp. — Mont pelier. 

Bu. — Burlington. Mt. M. — Mt. Mansfield. 

E. — Essex Junction. N. — Northfield. 

E. F.— Enosburg Falls. P.~ Plainfield. 

E. G. — East Georgia. R. — Roxbury. 

F. — Ferrisburg. Ri. — Richmond. 

G. C. — Greens Comers. S. — Stowe. 

H. — Highgate Centre. S. F. — Shelbume Falls. 

Ha. — Hardwick. St. A. — St. Albans. 

H. Bk. — Hollow Brook. V. — Vergennes. 

J. — Jefferson ville. N. — Williamstown. 

Jo. — Johnson. Wa. — Waterbury. 

Lan. R.— Lamoille River. W. Bk.— Wild Brook. 

L. Mem. — Lake Memphremagog. W. E. — West Enosburg. 

L. Ot. Cr.— Little Otter Creek. Win. R.— Winooski River. 

M.— Milton. Wo.— Wolcott. 

B-F. — Diagrammatic maps of certain lake stages in northwestern Vermont. 

B. a. — A marginal lake south of Northfield (945 ft.). 

b. — Lake Williamstown (890 ft.), discharging into the Connecticut River, 
c. a. — Second Lake Lamoille just after falling below the level of the divide 

at Eligo Pond (900 ft.). 
b. — First Lake Winooski at a stage represented by an altitude of about 

745 feet at Plainfield. 

D. A. — Lake Mansfield. The terraces and beaches in the vicinity of Mont- 

pelier at 650 to 675 feet in altitude and those near Morrisville at 
760 to 790 correspond to the level of this lake. Ice in the vicinity 
of Richmond held the water of Lake Mansfield somewhat higher 
than the level of Lake Vermont or the last stage of Lake Albany 
(b.) 

E. a. — Third Lake Lamoille (650 ft.) during a part of the Coveville stage of 

Lake Vermont (b). 

F. — Wood Creek stage of Lake Vermont. The lines between the question 

marks in the last three diagrams represent hypothetical ice borders. 
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PLATE 3. 

Fig. 1. — Terraces on the Dog River one mile north of Northfield, Vt. 
Fio. 2. — Terraces at the diNdde east of Mt. Mansfield between Stowe and 
Morris ville, Vt. 
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